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Abstract(
The%border%region%between%southeastern%Alaska%and%southwestern%Yukon%is%marked%by% the% extreme% topography% of% the% St.% Elias% Mountains,% the% world’s% tallest% coastal%mountain% range% with% peaks% rising% up% to% ~6,000% m% asl.% This% high% topography% is%coincident% with% the% indenting% corner% of% the% Yakutat% microplate% where% it% collides%with% the% North% American% plate.% Here,% the% plate% boundary% forms% a% ~30% degree%syntaxial% bend% where% dextral% strike>slip% motion% along% the% Fairweather% Fault%transitions% to% convergence% and% subduction>collision>related% deformation.% A%combination% of% tectonic% uplift% and% efficient% glacial% erosion% has% produced% the%remarkable% relief% in% the% St.% Elias% Mountains% and% also% contributes% to% very% high%exhumation% rates% (>4% mm/yr).% The% new% bedrock% ages% presented% in% this% study%include%125%new%thermochronometric%ages% from%43%samples% including%apatite%and%zircon% (U>Th)/He% and% fission% track% ages.% The% youngest% ages% (<6%Ma%AHe;% <15%Ma%AFT;% <40% ZHe;% <60% ZFT)% are% confined% within% the% Seward% and% Hubbard% Glacier%catchments%and%sharply%transition%to%older%ages%(>15%Ma%AHe;%>70%Ma%AFT;%>100%Ma%ZHe% and% ZFT)% north% and% east% of% the% Hubbard% Glacier.% The% cooling% ages% record% a%series% of% tectonic% events% including% late% Mesozoic% and% early% Cenozoic% terrane%accretion,%Paleocene%and%Eocene%cooling%related%to%spreading%ridge%subduction,%and%mid% Eocene% to% Present% exhumation% due% to% Yakutat% subduction% and% collision.% New%ages%provide%evidence%for%the%Border%Ranges%Fault%as%the%backstop%to%deformation%prior% to%~20%Ma%but%strain%reorganization%since%~20%Ma%has%produced%differential%exhumation% north% of% the% Border% Ranges% Fault% suggests% strain% transfer% along% the%postulated%Totschunda>Connector% Fault.% Tectonic% and% surface%process% interactions%are% explored% in% order% to% explain% the% variation% between% exhumation% beneath% the%Seward%and%Hubbard%Glaciers%and%exhumation%of%ice>free%ridges%at%higher%elevation.%Effective% glacial% erosion% enhances% exhumation% and% likely% produces% an% elevated%geothermal% gradient% beneath% large% glaciers.% Rapid% exhumation% beneath% glaciers%could%have%initiated%positive%feedbacks%between%crustal%and%surface%processes%at%~6%Ma% but% exhumation% rates% appear% to% have% decreased% since% ~2% Ma,% preventing% a%tectonic%aneurysm%from%fully%developing.%%%Keywords:%St.%Elias,%Yakutat%collision,%thermochronology,%exhumation,%Alaska,%Yukon%%%
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1.#Introduction#The!St.!Elias!Mountains,!located!at!the!border!between!southeast!Alaska!and!southwest!Yukon,!are!the!tallest!coastal!mountain!range!in!the!world,!hosting!peaks!with!nearly!6,000!meters!of!local!relief!(Fig.!1!and!Fig.!2).!Thick!and!widespread!glaciers!that!cover!50!percent!of!the!mountain!range!and!its!surrounding!region!are!supported!by!an!average!of!7!m/yr!of!precipitation!(Gibson,!2009).!The!high!topography!of!the!St.!Elias!Mountains!is!a!result!of!the!subductionLcollision!between!the!Yakutat!microplate!and!the!North!American!plate!(Fig.!1).!The!YakutatLNorth!!
Figure#1.!Regional!topographic!map!showing!tectonic!configuration!and!assemblage!of!terranes!in!southeastern!Alaska!and!southwestern!Yukon.!Faults!after!Plafker!et!al.!(1994);!Bruhn!et!al.!(2004);!Israel!(2004);!and!Plafker!and!Thatcher!(2008).!Plate!velocity!vectors!after!Elliott!et!al.!(2010)!and!Plattner!et!al.!(2007).!The!white!box!delineates!the!extent!of!Fig.!2.!
#
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America!margin!is!defined!by!the!dextral!strikeLslip!Fairweather!Fault!system!in!the!east!and!a!fold!and!thrust!belt!in!the!north!and!west!(Fig.!1!and!Fig.!2).!The!transition!from!dominantly!strikeLslip!motion!to!convergence!in!the!west!is!marked!by!a!~30!degree!topographic!and!structural!bend,!which!defines!the!St.!Elias!syntaxis!(Fig.!1!and!Fig.!2).!!!Syntaxial!bends!are!often!coLlocated!with!areas!of!intense!deformation!and!focused!strain!accumulation.!Deformation,!uplift,!and!exhumation!at!syntaxial!bends!are!suggested!to!be!sensitive!to!variations!in!climate!and!surface!processes!(Zeitler!et!al.,!2001;!Koons!et!al.,!2002,!2010,!2013).!The!tectonic!aneurysm!model!was!developed!to!explain!deep!and!rapid!exhumation!at!the!Himalayan!syntaxes!in!which!efficient!erosion!driven!by!deep!fluvial!incision!weakens!the!crust!by!removing!the!brittle!upper!crust!and!stimulates!focused!strain!accumulation.!This!causes!exhumation!of!hot,!ductile!lower!crustal!rocks,!which!further!weakens!the!crust!resulting!in!a!positive!feedback!between!tectonics!and!erosion!(Zeitler!et!al.,!2001;!Koons!et!al.,!2002).!#
#The!tectonic!configuration!of!the!YakutatLNorth!American!plate!collision!and!the!influence!of!surface!processes!have!resulted!in!variable!deformation!patterns!across!the!St.!Elias!region.!However,!due!to!the!widespread!ice!cover!and!lack!of!direct!field!observations,!it!is!unclear!how!stress!has!been!accommodated!throughout!the!St.!Elias!syntaxis!since!the!initiation!of!the!Yakutat!subduction!and!collision.#
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Recent!thermochronometric!studies!of!glacial!detritus!have!identified!a!rapidly!exhuming!region!beneath!the!Seward!and!Hubbard!Glacier!catchments!(Enkelmann!et!al.,!2009,!2010;!Grabowski!et!al.,!2013;!Falkowski!et!al.,!2014),!which!occupy!a!~4,800!km2!area!on!the!plate!corner!boundary!but!the!spatial!extent!of!this!exhuming!region!are!poorly!constrained.!The!processes!that!contribute!to!the!observed!rapid!exhumation!are!not!well!understood!but!the!coupling!of!rapid!tectonic!uplift!and!glacial!erosion!may!produce!deep!and!rapid!exhumation!within!the!structurally!knotted!region.!!!The!goals!of!this!study!are!threefold:!1)!determine!how!exhumation!within!the!Yakutat!plate!corner!region!has!evolved!through!space!and!time;!2)!define!the!area!of!most!recent!rapid!exhumation;!and!3)!evaluate!the!role!of!large!crustal!structures!in!accommodating!differential!rock!exhumation!over!geologic!times.!!!!This!study!presents!new!thermochronometric!data!from!43!bedrock!samples!collected!from!the!northern!St.!Elias!syntaxis!and!transects!towards!the!north!and!east!of!it.!Apatite!and!zircon!was!analyzed!using!fissionLtrack!and!ULTh/He!dating!methods!to!reconstruct!rock!cooling!histories!from!~250°!C!to!<!60°!C,!corresponding!to!exhumation!within!the!upper!10!km!of!the!crust.!The!results!from!this!study!help!untangle!the!complex!regional!tectonic!history!following!initial!terrane!accretion!and!provide!insight!into!how!more!recent!glacial!erosion!has!influenced!exhumational!patterns.!!
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#
2.#Tectonic#Framework#
2.1$Terranes$Southeastern!Alaska!and!southwestern!Yukon!are!constructed!of!several!tectonostratigraphic!terranes!that!have!accreted!onto!North!America!since!Mesozoic!time!and!comprise!the!North!American!plate!in!this!region.!From!north!to!south,!these!terranes!are!the!Yukon!Composite!Terrane,!Wrangellia!Composite!Terrane,!Chugach!Terrane,!Prince!William!Terrane,!and!the!actively!accreting!Yakutat!Terrane!(Fig.!1).!The!Denali!Fault!separates!the!Yukon!Composite!Terrane!and!the!Wrangellia!Composite!Terrane.!The!Border!Ranges!Fault!is!the!suture!between!the!Wrangellia!Composite!Terrane!and!Chugach!Terrane,!and!also!acts!as!the!structural!backstop!of!a!Late!Mesozoic!accretionary!complex!(Johnson!and!Karl,!1985;!Plafker,!1987;!Haeussler!et!al.,!1995;!Roeske!et!al.,!1993;!Pavlis!and!Roeske,!2007).!The!Contact!Fault!is!the!suture!between!the!Chugach!Terrane!and!the!Prince!William!Terrane,!and!the!ChugachLSt.!Elias!Fault!separates!the!Prince!William!Terrane!from!the!Yakutat!Terrane.!!!The!Yukon!Composite!Terrane!is!situated!north!of!the!Denali!Fault!and!is!made!up!of!Paleozoic!metamorphic!rocks!of!the!YukonLTanana!Terrane!and!arcLrelated!rocks!of!the!Stikine!Terrane!(Nokleberg!et!al.,!1994;!Hansen!and!DuselLBacon,!1998).!The!Wrangellia!Composite!Terrane!is!constructed!of!the!Wrangellia!Terrane!and!Alexander!Terrane,!which!adjoined!by!Middle!Pennsylvanian!time!(Gardner!et!al.,!1988).!Intraoceanic!Paleozoic!and!Mesozoic!magmatic!arc!assemblages!of!the!
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Wrangellia!and!Alexander!terranes!comprise!the!basement!of!the!Wrangellia!Composite!Terrane,!which!is!locally!overlain!by!Cretaceous!foreLarc!basin!sedimentary!sequences!(Gehrels!and!Berg,!1994;!Nokleberg!et!al.!1994;!Silberling!et!al.,!1994;!Trop!and!Ridgway,!2007).!!The!Chugach!Terrane!lies!south!of!the!Wrangellia!Composite!Terrane!and!consists!of!a!late!Mesozoic!accretionary!complex!largely!composed!of!offscraped!volcaniclastic!flysch!and!basalt!with!a!lesser!component!of!glaucophanic!greenschist!and!mélange!(Berg!et!al.,!1972;!Plafker!et!al.,!1977;!Plafker!et!al.,!1994).!Subduction!of!a!spreading!ridge!in!Paleocene!to!Eocene!time!resulted!in!widespread!magmatism!and!the!intrusion!of!the!SanakLBaranoff!plutonic!belt!(~60–50!Ma![Bradley!et!al.,!1993,!2000,!2003;!Sisson!et!al.,!2003;!Farris!et!al.,!2006])!into!the!Chugach!Terrane!and!a!portion!of!the!Prince!William!Terrane!(Hudson!et!al.,!1979;!Farris!and!Paterson,!2009).!!Greenschist!to!upper!amphibolite!facies!metamorphism!formed!the!Chugach!Metamorphic!Complex,!which!is!composed!of!a!migmatitic!gneiss!core!bounded!by!a!broad!zone!of!lower!grade!schist!(Hudson!and!Plafker,!1982;!Braund!et!al.,!2011;!Gasser!et!al.,!2011).!!Only!a!small!sliver!of!the!Prince!William!Terrane!is!exposed!near!the!St.!Elias!syntaxis!(Fig.!1).!The!Prince!William!Terrane!rocks!are!largely!EoceneLaged!deepLsea!fan!flysch!deposits!interbedded!with!oceanic!volcanics!and!minor!mudstone!(Winkler,!1976;!Winkler!and!Plafker,!1981;!Helwig!and!Emmet,!1981).!South!of!the!Prince!William!Terrane,!the!Yakutat!plate!and!overlying!sediments!are!actively!
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accreting!onto!the!North!American!plate!and!constructing!the!Yakutat!Terrane.!Geophysical!studies!have!shown!that!the!basement!of!the!Yakutat!Terrane!and!the!entire!Yakutat!plate!consist!of!thick!and!buoyant!crust!composed!of!a!basaltic!oceanic!plateau,!which!thickens!from!~15!km!in!the!west!to!~30!km!in!the!east!(Ferris!et!al.,!2003;!EberhartLPhilips!et!al.,!2006;!Lowe!et!al.,!2008;!Christeson!et!al.,!2010,!Worthington!et!al.,!2012).!The!change!in!thickness!is!interpreted!as!the!transition!from!an!oceanic!plateau!in!the!northwest!to!a!remnant!accretionary!prism!at!the!southeastern!extent!(Plafker!et!al.,!1994;!Bruhn!et!al.,!2004;!Pavlis!et!al.,!2004;!Christeson!et!al.,!2010;!Worthington!et!al.,!2012).!East!of!the!Malaspina!Glacier,!the!Yakutat!basement!is!overlain!by!the!~8!km!thick!Yakutat!Group,!which!consists!of!a!flysch!and!mélange!sequence!locally!intruded!by!Eocene!granitoid!plutons!(Plafker,!1987;!Plafker!et!al.,!1994).!West!of!the!Malaspina!Glacier,!a!Cenozoic!sedimentary!sequence!consisting!of!the!Early!to!Middle!Eocene!fluvial!and!shallow!marine!deposits!of!the!Kulthieth!Formation,!late!Eocene!to!early!Miocene!marine!sediments!of!the!Poul!Creek!Formation,!and!middle!Miocene!to!present!glaciomarine!deposits!of!the!Yakataga!formation!drapes!over!the!Yakutat!basement!(Plafker,!1987).!!
2.2$Terrane$Assembly$The!complex!mosaic!of!terranes!that!make!up!southern!Alaska!and!southwestern!Yukon!is!a!result!of!interactions!between!several!oceanic!plates,!namely!the!Farallon,!Kula,!and!Pacific!plates,!and!the!North!American!plate!since!early!Mesozoic!time.!Accretion!of!the!Yukon!Composite!Terrane!onto!North!America!and!consequent!intense!deformation!initiated!during!early!Middle!Jurassic!time!
! 8!
(TempelmanLKluit,!1979;!Hansen,!1990;!Rickets!et!al.,!1992).!Following!accretion,!the!Yukon!Composite!Terrane!was!translated!450–900!km!northwestward!relative!to!the!North!American!craton!(Gabrielse,!1985).!The!Wrangellia!Composite!Terrane!was!transported!from!several!thousand!kilometers!south!of!its!present!location!to!the!western!margin!of!the!North!American!continent!where!it!accreted!during!the!Middle!Jurassic!to!Late!Cretaceous!(Hillhouse!and!Coe,!1994;!Plafker!and!Berg,!1994).!Further!northward!translation!along!a!protoLDenali!fault!placed!the!Wrangellia!Composite!Terrane!in!near!its!present!day!position!relative!to!the!Yukon!Composite!Terrane!and!other!inboard!terranes!by!Late!Cretaceous!time!(Plafker!et!al.,!1994).!Three!major!pulses!of!magmatism!affected!the!Wrangellia!Composite!Terrane!within!the!vicinity!of!this!study!area.!CalcLalkalic!plutons!of!the!Chitina!magmatic!arc!intruded!the!southern!part!of!the!Wrangellia!Composite!Terrane!in!Late!Jurassic!to!Early!Cretaceous!time!(Hudson,!1983;!Dodds!and!Campbell,!1988;!Karl!et!al.,!1988;!Plafker!et!al.,!1989)!and!are!exposed!just!north!of!the!Border!Ranges!Fault!in!the!western!portion!of!this!study!area!(Fig.!2).!Chisina!arc!magmatism!followed!in!the!Early!to!Late!Cretaceous!and!produced!subordinate!andesitic!and!basaltic!volcanics!north!and!east!of!the!Chitina!arc!in!south!central!to!southeastern!Alaska!(Gehrels!and!Berg,!1994;!Nokleberg!et!al.,!1994).!The!Kluane!magmatic!arc!intruded!southLcentral!Alaska!to!British!Columbia!in!Late!Cretaceous!to!Paleogene!time!(Monger!et!al.,!1982;!Brew!and!Ford,!1984).!The!intermediate!volcanic!and!plutonic!rocks!are!exposed!north!and!east!of!the!Chitina!arc!plutons,!just!south!of!the!Denali!fault!in!the!western!portion!of!the!study!area.!
#
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The!Chugach!terrane!accreted!onto!the!southwestern!edge!of!the!Wrangellia!Composite!Terrane!between!the!Late!Jurassic!to!Early!Cretaceous!(Plafker!et!al.,!1994)!but!the!timing!of!collision!is!not!well!constrained!and!may!have!been!a!Middle!Jurassic!(van!der!Heyden,!1992)!or!midLCretaceous!event!(Trop!and!Ridgway,!2007).!The!Prince!William!Terrane!was!accreted!following!the!emplacement!of!the!Chugach!Terrane!in!the!Late!Cretaceous!to!Paleocene,!however!some!studies!suggest!that!they!do!not!represent!two!different!accretionary!events!but!rather!are!compositionally!similar!across!the!suggested!suture!that!divides!them!(Dumoulin,!1988).!The!early!Eocene!was!marked!by!the!subduction!of!a!spreading!ridge,!which!produced!widespread!plutonism!and!metamorphism!throughout!southern!Alaska!(Hudson!et!al.,!1979;!Hudson!and!Plafker,!1982;!Sisson!et!al.,!1993;!Pavlis!and!Sisson!1995;!Gasser!et!al.,!2012).!Tonalitic,!granodioritic,!and!granitic!plutons!of!the!SanakLBaranoff!belt!were!emplaced!throughout!the!Chugach!and!Prince!William!terranes!starting!at!~62!Ma!in!the!west,!near!Sanak!Island!in!the!Aleutian!Islands!(~1,500!km!southwest!of!the!study!area).!The!plutonic!belt!migrated!to!the!east!and!plutonism!ceased!near!Baranoff!Island!on!the!southeastern!Alaskan!panhandle!at!~50!Ma!(~500!km!southeast!of!the!study!area)!(Sisson!et!al.,!1989;!Bradley!et!al.!1993,!2000;!Pavlis!and!Sisson,!1995).!Rocks!of!the!Chugach!Metamorphic!Complex!are!exposed!in!the!ChugachLSt.!Elias!Range!and!consists!of!three!distinct!metamorphic!zones:!an!outer!rim!of!greenschist!facies!metasediments,!an!inner!rim!of!amphibolite!facies!metasediments,!and!an!upper!amphibolite!facies!gneissic!core!centered!at!the!modern!syntaxis!region!(Hudson!and!Plafker,!1982;!Bruand!et!al.,!2011;!Gasser!et!al.,!2011).!
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#The!Yakutat!microplate!was!likely!excised!from!the!Mesozoic!accretionary!complex!near!Vancouver!Island,!and!transported!~1,000!km!northward!along!the!Queen!CharlotteLFairweather!fault!system!since!Eocene!time!(Plafker,!1987;!Plafker!et!al.,!1994;!Zeit!and!White,!1995;!Christeson!et!al.,!2010).!Subduction!of!the!increasingly!thicker!Yakutat!plate!started!in!the!late!Eocene!to!early!Oligocene!and!resulted!in!flatLslab!subduction!and!strong!coupling!with!the!upper!plate!(Finzel!et!al.,!2011b).!The!arrival!of!a!thicker!and!more!buoyant!segment!of!the!Yakutat!plate!in!the!middle!Miocene!to!Pliocene!resulted!in!crustal!thickening!and!significant!uplift!and!exhumation!of!the!St.!Elias!Mountains!region!(Plafker!et!al.,!1994;!Worthington!et!al.,!2012).!During!much!of!this!time,!it!has!been!suggested!that!the!Border!Ranges!Fault!acted!as!the!backstop!to!this!most!recent!phase!of!deformation!(Johnson!and!Karl,!1985;!Roeske!et!al.,!1993;!Haeussler!et!al.,!1995;!Pavlis!and!Roeske,!2007;!Enkelmann!et!al.,!2010).!The!emergent!St.!Elias!Mountains!may!have!supported!alpine!glaciers!as!early!as!13L10!Ma!(Péwé,!1983)!and!tidewater!glaciers!since!6–5!Ma!(Lagoe!et!al.,!1993).!
!
2.3$Neotectonics$The!oblique!Yakutat!collision!is!driven!by!the!northLnorthwest!motion!of!the!Yakutat!plate!towards!North!America!at!a!velocity!of!~50!mm/yr,!whereby!most!of!the!convergence!is!being!accommodated!by!fold!and!thrust!structures!in!the!St.!Elias!orogen!(Elliot!et!al.,!2010,!2013)!(Fig.!2).!The!offshore!Pamplona!Fault!Zone!consists!of!a!broad!area!of!northeastLstriking!folds!and!thrust!faults!that!extend!onshore!to!
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the!Malaspina!Fault!and!constitute!the!active!deformational!front!(Fig.!1).!Worthington!et!al.!(2010)!suggested!that!deformation!has!migrated!to!structures!south!and!east!of!the!Pamplona!Fault!Zone!since!Pliocene!time.!The!onshore!southeastLstriking!fold!and!thrust!belt!deforms!the!region!occupied!by!the!Malaspina!Glacier!from!the!coast!to!the!ChugachLSt.!Elias!Fault,!which!is!the!tectonic!boundary!between!the!Yakutat!plate!and!North!America!(Fig.!1).!The!Fairweather!Fault!and!Denali!Fault!primarily!accommodate!strain!from!the!Yakutat!collision!as!dextral!strikeLslip!motion!but!transpressional!strain!has!been!shown!to!accommodate!considerable!exhumation!along!the!northern!extent!of!the!Fairweather!Fault!(e.g.,!Bruhn!et!al.,!2004;!McAleer!et!al.,!2009;!Enkelmann!et!al.,!2015)!and!along!the!northern!segment!of!the!Denali!Fault!in!the!Alaska!Range!(e.g.,!Koons!et!al.,!2010;!Benowitz!et!al.,!2011,!2012).!The!Totschunda!Fault!and!the!postulated!Connector!Fault,!located!between!the!Fairweather!Fault!and!the!Totschunda!Fault,!have!been!suggested!to!transfer!strain!from!the!plate!boundary!in!the!southeast!to!the!active!Denali!Fault!(e.g.,!St.!Amand,!1957;!Richter!and!Matson,!1971;!Lahr!and!Plafker,!1980;!Spotila!and!Berger,!2010).!Despite!poor!physical!evidence!of!this!connecting!structure!due!to!extensive!ice!cover,!GPS!data!and!tectonic!block!models!(Elliot!et!al.,!2010,!2013)!combined!with!the!relocation!of!recent!earthquakes!(Doser,!2014)!provide!evidence!for!an!active!Connector!Fault.!FarLfield!effects!of!the!Yakutat!collision!extend!to!the!Mackenzie!and!Richardson!Mountains!in!the!northern!Canadian!Cordillera!(Mazzotti!and!Hyndman,!2002;!Elliot!et!al.,!2010;!Finzel!et!al.,!2011a).!
 
3.#Methods#
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In!total,!43!bedrock!samples!were!collected!on!the!Yukon!side!of!the!St.!Elias!Mountains,!spanning!an!area!of!~19,840!km2!from!the!Seward!and!Hubbard!Glacier!to!north!of!the!Denali!Fault.!ThirtyLfour!bedrock!samples!were!collected!within!the!Wrangellia!Composite!Terrane,!three!samples!from!the!Chugach!Terrane,!and!six!samples!from!the!inboard!Yukon!Composite!Terrane!(Fig.!2;!Table!1).!Bedrock!was!sampled!from!iceLfree!mountain!ridges!above!glacial!and!fluvial!valleys!and!from!nunataks!in!the!ice!fields!along!a!N–S!transect!and!an!E–W!transect!over!an!elevation!range!of!403!to!2,923!m!asl!(Fig.!2).!Sampled!bedrock!is!predominantly!granite,!granitoid,!and!granodiorite,!with!fewer!andesite,!basalt,!claystone,!gabbro,!gneiss,!marble,!metabasalt,!and!metapelite!samples!(Table!1).!Most!samples!were!doubleL,!tripleL,!or!quadrupleLdated,!and!AFT!confined!track!lengths!were!measured!when!possible!to!obtain!additional!information!on!the!temperatureLtime!history!within!the!AFT!partial!annealing!zone!(Gleadow!et!al.,!1986).!!Apatite!and!zircon!grain!separation!was!performed!at!the!University!of!Tübingen!using!a!jaw!crusher,!sieves,!Wilfley!gravity!shaking!table!separation,!and!standard!magnetic!and!heavy!liquid!separation!procedures.!For!AHe!and!ZHe!analysis,!euhedral!and!inclusionLfree!apatite!and!zircon!grains!were!picked!under!a!Leica!stereomicroscope.!Grain!dimensions!were!measured!and!grains!were!packaged!in!niobium!tubes.!He!degassing!and!measurement!was!performed!using!a!Patterson!Instruments!extraction!line!with!a!diode!laser!and!quadrupole!mass!spectrometer!at!the!University!of!Tübingen.!Uranium,!thorium,!and!samarium!relative!abundances!were!measured!using!the!Element2!HRLICPLMS!at!the!University!of!Arizona.!!
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!AFT!grains!were!mounted!in!epoxy,!ground!and!polished!to!reveal!maximum!surface!exposure,!and!etched!with!5.5!molar!nitric!acid!for!20!seconds!to!expose!fossil!fissionLtracks.!ZFT!grains!were!mounted!in!Teflon®!and!etched!with!a!eutectic!KOH!and!NaOH!solution.!AFT!and!ZFT!grain!mounts!were!covered!with!lowLU!muscovite!external!detectors!and!irradiated!with!thermal!neutrons!at!the!Oregon!State!University!TRIGA!Reactor.!The!external!detectors!were!subsequently!etched!in!48L51%!hydrofluoric!acid!for!20!minutes!to!expose!induced!fissionLtracks.!FissionLtracks!were!analyzed!using!the!external!detector!method!under!a!Zeiss!AxioImager!Z1m!microscope!equipped!with!an!AS3000i!automated!stage.!!!Spontaneous!fissionLtracks!begin!annealing!immediately!after!their!inception!at!a!rate!that!is!primarily!controlled!by!temperature.!Confined!fissionLtracks!were!measured!for!AFT!samples!using!the!TrackWorks!software.!!
4.#Results#
LowLtemperature!thermochronology!utilizes!the!thermally!sensitive!retention!and!annealing!of!radiogenic!4He!and!fissionLtracks,!respectively,!in!uranium!bearing!minerals!such!as!apatite!and!zircon.!In!case!of!continuous!rock!cooling!through!the!temperature!window!at!which!helium!diffusion!and!fissionLtrack!annealing!occurs,!the!thermochronometric!age!reflects!the!amount!of!time!that!has!passed!since!a!sample!cooled!below!the!closure!temperature!of!a!given!thermochronometric!system!(Dodson!1973).!The!AHe!and!AFT!systems!refer!to!relatively!low!closure!
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temperatures![55–65°!C!for!AHe!(Farley,!2000)!and!110°!±!10°!C!for!AFT!(Gleadow!and!Duddy,!1981;!Green!et!al.,!1986)]!and!thus!reflect!the!cooling!of!rocks!through!the!uppermost!~2–5!km!of!the!crust.!The!ZHe!and!ZFT!systems!record!cooling!below!180°!C!±!10°!C!(Reiners!et!al.,!2000)!and!250°!C!±!40°!C!(Brandon!et!al.,!1998),!respectively,!and!represent!cooling!from!crustal!depths!of!~6–10!km.!!
!A!total!of!125!new!thermochronology!ages!were!produced!from!43!bedrock!samples:!36!AHe,!28!AFT,!38!ZHe,!and!23!ZFT.!Ages!range!from!171.0!±!11.2!Ma!(ZFT)!to!0.5!±!0.2!Ma!(AHe)!and!are!summarized!in!Table!1!and!shown!in!Fig.!2.!Data!tables!for!individual!thermochronology!systems!are!provided!in!the!Appendix!(Tables!A1,!A2,!A3!and!A4).!All!reported!errors!are!1σ.!AHe!and!ZHe!singleLgrain!ages!generally!reproduced!well!but!problems!including!ULTh!rich!inclusions!(Lippolt!et!al.,!1994;!Farley,!2002),!fluid!inclusions!(Lippolt!et!al.,!1994;!Stockli!et!al.,!2000;!Farley,!2002),!variations!in!grain!size!(Farley,!2000;!Reiners!and!Farley,!2001),!U!and!Th!zonation!(Farley,!2002),!fractures!within!grains!and!broken!grains!(Fitzgerald!et!al.,!2006),!implantation!of!He!from!neighboring!grains!or!blocked!alpha!ejection!(Belton!et!al.,!2004;!Spencer!et!al.,!2004),!cooling!rate!(Meesters!and!Dunai,!2002),!and!radiation!damage!(Flowers!et!al.,!2009)!may!attribute!to!the!poor!reproducibility!of!select!samples!(Fig.!A1,!A2,!A3!and!A4).!The!potentially!adverse!effects!of!some!of!these!issues!were!minimized!by!carefully!selecting!euhedral!grains!of!a!consistent!size,!screening!grains!for!inclusions,!measuring!grain!dimensions!to!correct!for!alpha!particle!ejection!(FT!factor),!measuring!singleLgrain!ages,!and!using!multiple!thermochronometers.!In!order!to!explore!possible!!
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Table#1.!Summary!of!thermochronology!ages.!variations!of!singleLgrain!ages!within!one!sample!that!may!result!from!variations!in!helium!diffusion!due!to!radiation!damage!or!grain!size!(Flowers!et!al.,!2009),!the!single!grain!ages!were!plotted!versus!the!effective!U!(eU)!(Fig.!A1!and!A2)!and!grain!size!(Fig.!A3!and!Fig.!A4).!Because!the!grain!itself!is!the!diffusion!dimension,!larger!grains!have!a!higher!closure!temperatures!than!smaller!grains,!which!will!result!in!a!wide!spread!between!single!grain!ages!analyzed!from!a!slow!cooling!sample!(Farley,!2000;!Reiners!and!Farley!2001).!!Only!one!sample!(KLB_60!AHe!ages)!shows!a!positive!correlation!between!singleLgrain!age!and!grain!size!(Fig.!A3),!which!is!likely!the!result!of!slow!cooling!through!the!AHe!partial!retention!zone.!!
KLB_48 Granodiorite 60°21.893' 139°54.556' 1850 2.0 ± 0.2 7.0 ± 0.3 29.9 ± 1.6
KLB_49 Metapelite?Greenschist 60°17.453' 140°00.988' 1995 19.7C151.2 ± 1.0C7.6
KLB_50 Metabasalt?Greenschist 60°19.858' 140°05.386' 1902 7.1 ± 0.4
KLB_11 Granodiorite 60°06.810' 137°55.714' 441 19.9 ± 8.9 140.2 ± 9.7 138.9 ± 15.1
KLB_15 Basalt 60°03.002' 137°55.597' 403 145.9 ± 2.9
KLB_19 Basalt 59°59.499' 137°46.527' 405 39.5 ± 6.6
KLB_41 Granite 60°25.661' 138°14.570' 1383 14.9 ± 6.36 100.8 ± 6.2* 143.1 ± 17.6 154.2 ± 10.7
KLB_42 Granite 60°24.160' 138°40.941' 1750 11.7 ± 0.1 15.8 ± 1.4 99.9 ± 26.3 101.3 ± 6.1
KLB_43 Granite 60°24.220' 138°45.982' 2225 5.1 ± 0.8 12.3 ± 1.5 65.9 ± 34.5
KLB_44 Granodiorite 60°25.690' 139°05.611' 2637 4.1 ± 0.6 7.1 ± 0.9 9.4 ± 0.6
KLB_45 Metasediment 60°27.300' 139°22.226' 1585 5.3 ± 1.8 43.1C170.4 ± 2.2C8.5
KLB_47 Granite 60°25.811' 139°32.713' 1709 1.7 ± 0.3 4.4 ± 0.7 5.1 ± 1.7 46.6 ± 2.8
KLB_51 Gneiss 60°26.418' 139°55.182' 2103 3.7 ± 0.3^ 6.0 ± 0.4^ 14.7C40.9 ± 0.7C2.0^ 44.7 ± 2.8^
KLB_52 Metapelite 60°26.591' 139°57.523' 1996 2.2 ± 1.3^ 14.9 ± 2.0^ 12.3 ± 0.8^
KLB_53 Gneiss 60°29.184' 140°00.709' 2083 0.5 ± 0.2^ 17.9 ± 2.1^ 13.2 ± 1.7^ 51.3 ± 3.5^
KLB_54 Gneiss 60°30.398' 140°01.380' 2082 4.6 ± 0.5^ 9.7 ± 1.1^ 40.6 ± 7.3^ 62.5 ± 4.3^
KLB_55 Granitoid 60°32.983' 140°05.940' 2309 3.5 ± 0.3^ 14.3 ± 1.6^ 38.1 ± 5.5^ 56.6 ± 3.9^
KLB_56 Amphibolite 60°33.118' 139°58.604' 2006 6.3 ± 2.3^
KLB_57 Granodiorite 60°33.302' 139°53.854' 2038 3.1 ± 0.1 14.3 ± 1.1 50.5 ± 3.9 129.2 ± 7.1
KLB_58 Granite 60°35.235' 139°54.138' 2195 4.6 ± 0.4 32.0 ± 2.5 70.1 ± 5.2 135.7 ± 7.9
KLB_59 Granite 60°36.459' 139°54.565' 2349 7.5 ± 1.0 50.4 ± 3.3* 73.6 ± 3.6 171.0 ± 11.2
KLB_60 Granite 60°37.899' 139°51.947' 2356 1.5C46.7 ± 0.8C2.3+ 87.0 ± 8.2 110.3 18.7 112.4 ± 10.0
KLB_61 Granodiorite 60°39.398' 139°55.500' 2242 6.1 ± 0.7 45.4 ± 3.2 72.6 ± 3.2 104.5 ± 7.0
KLB_62 Granodiorite 60°40.237' 139°55.870' 2371 6.9 ± 0.5 50.4 ± 4.3 92.9 ± 18.6 105.2 ± 7.4
KLB_63 Granitoid 60°42.789' 139°51.703' 2371 5.8 ± 1.0 69.9 ± 5.1 153.9 ± 14.0
KLB_64 Granite 60°47.359' 139°53.252' 2648 4.5 ± 1.1 18.0 ± 1.4 129.7 ± 0.8
KLB_68 Granite 60°45.284' 138°49.092' 1397 40.2 ± 3.9 69.4 ± 4.7 134.4 ± 7.9
KLB_69 Granite 60°47.904' 139°06.183' 2394 101.5 ± 7.1* 112.1 ± 12.2
KLB_71 Granodiorite 60°49.973' 139°56.130' 2882 33.1 ± 5.2 22.4 ± 1.8 129.7 ± 12.0
KLB_72 Granitoid 60°52.453' 140°00.863' 2754 2.8 ± 0.7 5.1 ± 2.0
KLB_73 Granodiorite 60°56.332' 140°07.800' 2684 1.2 ± 0.3 2.9 ± 0.6 2.9 ± 0.3
KLB_74 Granite 61°00.432' 140°12.641' 2923 21.4 ± 1.9
KLB_75 Marble 61°08.061' 140°13.652' 2751 4.6C31.4 ± 0.2C1.6
KLB_76 Andesite 61°10.038' 140°14.271' 2563 4.3 ± 0.2
KLB_84 Granite 61°03.596' 139°15.793' 2396 103.6 ± 16.1 86.4 ± 5.6 141.2 ± 14.6
KLB_88 Granodiorite 60°59.687' 138°27.706' 791 8.5 ± 1.3 81.6 ± 5.6* 97.4 ± 4.8 90.1 ± 7.3
KLB_100 Gabbro 61°05.048' 138°33.220' 900 15.0 ± 3.1 27.3 ± 2.0
KLB_04 Metapelite 60°46.461' 137°41.640' 605 21.8 ± 7.0 59.7 ± 8.1
KLB_05 Granitoid 60°48.851' 137°29.378' 681 34.8 ± 10.3 49.2 ± 3.2* 49.3 ± 3.0 43.2 ± 3.5
KLB_86 Granite 60°57.451' 138°02.460' 935 38.7 ± 2.6 46.2 ± 3.1* 51.8 ± 7.1
KLB_91 Claystone 60°24.516' 137°02.964' 725 11.4 ± 0.8 74.5 ± 10.0 109.9 ± 8.9
KLB_98 Granite 60°02.805' 136°53.029' 962 28.3 ± 5.6 59.4 ± 3.8* 60.7 ± 7.5 61.6 ± 3.9
KLB_107 Granite 61°33.921' 139°21.647' 747 19.6 ± 0.9 37.1 ± 2.8 38.9 ± 4.5 31.0 ± 3.7
*?Confined?track?lengths?measured
+?Shows?age?vs.?grain?size?correlation
^?Ages?included?in?age?vs.?pseudoCelevation?profile?(Fig.?5)
???All?errors?are?1σ
Chugach'Terrane
Wrangellia'Composite'Terrane
Yukon'Composite'Terrane
AFT$Age$(Ma) ZHe$Age$(Ma) ZFT$Age$(Ma)Long.$(W)Sample$ID Lithology Lat.$(N) Elevation$(m) AHe$Age$(Ma)
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Confined!track!lengths!were!measured!in!seven!apatite!samples!with!the!mean!track!lengths!for!each!sample!ranging!from!12.7!to!14.8!μm!with!standard!deviations!ranging!from!1.1!to!1.8!μm!(Fig.!A5).!This!data!along!with!the!apatite!and!zircon!fissionLtrack!and!(ULTh)/He!ages!were!used!to!tightly!constrain!temperatureLtime!paths!modeled!using!the!HeFTy!program!developed!by!Ketcham!(2005)!(Fig.!A6).!!!
4.1$Spatial$Distribution$of$Thermochronology$Ages$New!bedrock!thermochronology!ages!presented!herein!indicate!that!exhumation!varies!spatially!and!temporally!across!the!St.!Elias!syntaxis!region!(Fig.!2).!The!majority!of!young!ages!(<10!Ma!AHe,!<20!Ma!AFT,!<40!Ma!ZHe,!<60!Ma!ZFT)!are!concentrated!on!the!mountain!ridge!between!the!Seward!and!Hubbard!Glaciers,!along!the!eastern!flank!of!Mt.!Logan,!and!along!the!southern!arm!of!the!upper!Hubbard!Glacier!(Fig.!2).!To!explore!the!spatial!variations!in!rock!cooling!and!identify!correlations!with!topography!and/or!large!structures,!the!new!and!published!bedrock!ages!were!plotted!along!two!10!km!wide!swath!profiles,!which!are!oriented!orthogonal!to!the!strike!of!major!regional!structures!and!traverse!topographic!highs!and!large!glaciers!and!ice!fields.!Profile!ALA’!stretches!from!the!offshore!Yakutat!plate,!through!the!convergent!portion!of!the!YakutatLNorth!America!plate!margin!west!of!the!St.!Elias!syntaxis,!and!to!the!north!across!the!Denali!Fault.!Profile!BLB’!extends!from!the!Yakutat!plate!along!the!southern!edge!of!the!Malaspina!Glacier,!through!the!transform!segment!of!the!YakutatLNorth!America!plate!boundary,!and!to!the!northeast!across!the!Denali!Fault!(see!Fig.!2).!!!
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Along!profile!ALA’,!the!Border!Ranges!Fault!marks!a!distinct!transition!from!ages!<10!Ma!south!of!the!fault!to!much!older!ages,!ranging!from!~20!to!171!Ma!over!a!~20!km!horizontal!distance,!north!of!the!fault!(Fig.!3a).!A!break!in!ages!at!~20!Ma!in!the!vicinity!of!the!Border!Ranges!Fault!between!~80–110!km!along!the!profile!suggests!an!episode!of!differential!exhumation!across!the!fault!or!an!exhumational!hiatus!at!that!time.!A!group!of!ages!older!than!~100!Ma!cluster!north!of!Mt.!Logan.!This!timing!is!consistent!with!cooling!ages!reported!for!the!Wrangellia!Composite!Terrane!(Jones!et!al.,!1977;!Plafker,!1987;!Plafker!et!al.,!1994).!The!sharp!transition!from!younger!to!much!older!ages!between!~90–110!km!along!the!profile!also!coincides!with!a!sharp!decrease!in!precipitation!(Fig.!3a).!A!similar!trend!has!been!recognized!in!previous!studies!and!suggests!higher!exhumation!rates!on!the!wetter!southern!flank!of!the!St.!Elias!Mountains!compared!to!the!colder!and!drier!region!to!the!north!(Spotila!et!al.,!2004;!Berger!et!al.,!2008b;!Berger!and!Spotila,!2008;!Meigs!!
! 18!
!
Figure#3.!Swath!profiles!showing!mean!(solid!line)!and!maximum!and!minimum!elevations!(thin!line)!together!with!new!and!published!thermochronometric!ages.!Colored!bands!show!general!trends!for!each!respective!thermochronometric!system.!The!blue!dashed!line!shows!mean!annual!precipitation!(PRISM!Climate!Group,!Oregon!State!University).!ECF!is!Esker!Creek!Fault,!CHF!is!Chaix!Hills!Fault,!CSEF!is!Chugach!St.!Elias!Fault!BRF!is!Border!Ranges!Fault,!TCF!is!TotschundaLConnector!Fault,!DRF!is!Duke!River!Fault,!DF!is!Denali!Fault,!FF!is!Fairweather!Fault,!YF!is!Yakutat!Fault,!BF!is!Boundary!Fault.!
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et!al.,!2008;!Spotila!and!Berger,!2010;!Enkelmann!et!al.,!2010).!A!group!of!younger!AFT,!ZHe,!and!ZFT!ages,!ranging!from!~25!to!1!Ma,!occur!at!~125–150!km!along!the!profile,!north!of!Mt.!Logan!and!the!Border!Ranges!Fault.!These!younger!ages!(AFT!~18–22!Ma)!are!coLlocated!with!the!approximate!position!of!the!proposed!TotschundaLConnector!Fault!(St.!Armand,!1957;!Richter!and!Matson,!1971;!Lahr!and!Plafker,!1980;!Kalbas!et!al.,!2008;!Elliot!et!al.,!2010)!(Fig.!2),!suggesting!differential!exhumation!across!this!structure!(Fig.!3a).!Young!ZFT,!ZHe,!and!AHe!ages!(<6!Ma)!occur!in!the!vicinity!of!the!volcanic!Wrangell!Mountains!and!other!mapped!volcanic!rocks!(see!Fig.!1,!Fig.!3a)!(Israel,!2004)!and!are!likely!affected!by!the!transient!effects!of!volcanic!heating!at!shallow!depth.!Four!new!ages!from!a!granitoid!sample!(KLB_107)!collected!~5!km!northeast!of!the!Denali!Fault!trace!along!profile!ALA’!(see!Fig.!2,!Fig.!3a)!imply!fast!cooling!from!temperatures!above!250°!C!to!between!110°!C!and!65°!C!from!37!to!31!Ma!(ZFT,!ZHe,!and!AFT!ages)!followed!by!slow!cooling!below!65°!C!by!~20!Ma!(AHe!age).!The!timing!of!the!initial!cooling!is!consistent!with!the!crystallization!age!of!these!intrusions!(Scholl!et!al.,!1992a,!1992b;!Trop!and!Ridgway,!2007).!!!!The!youngest!AHe,!AFT!and!ZHe!ages!along!profile!BLB’!are!<10!Ma!and!group!along!the!southwestern!portion!of!the!profile!(Fig.!3b).!A!gradual!transition!to!older!ages!occurs!between!10–150!Ma!towards!the!northeast,!with!minor!offsets!in!the!ages!coinciding!with!projected!faults!(Fig.!3b).!No!significant!age!offsets!or!breaks!are!obvious!in!the!age!data!along!profile!BLB’!likely!owing!to!the!fact!that!motion!along!the!Fairweather!Fault!zone!(including!the!Border!Ranges,!Fairweather,!and!
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Boundary!Faults)!is!primarily!dextral!strikeLslip.!However,!the!bulk!of!the!ages!are!very!young,!<10!Ma,!for!both!the!two!low!temperature!systems!(AHe,!AFT)!and!the!two!higher!temperature!systems!(ZHe,!ZFT),!suggesting!rapid!exhumation!from!depths!of!~8.5!km!within!the!crust.!Similar!to!the!western!area!(profile!ALA’),!there!is!a!group!of!>100!Ma!ages!that!is!consistent!with!the!timing!of!Wrangellia!Composite!Terrane!cooling!(Pavlis,!1982;!Trop!et!al.,!2002;!Pavlis!and!Roeske,!2007;!Trop!and!Ridgway,!2007).!North!of!the!Denali!Fault!cooling!ages!vary!again!where!granitic!rocks!record!rapid!cooling!from!above!~250°!C!to!below!~110°!C!between!50!and!40!Ma!related!to!cooling!after!crystallization.!The!rapid!cooling!of!rocks!north!of!the!Denali!Fault!in!profile!BLB’!is!similar!to!rocks!north!of!the!fault!in!profile!ALA’,!but!initiates!prior!to!the!more!northerly!rocks.!!!
5.#Discussion#
Thermochronology!ages!were!produced!from!samples!from!the!northeastern!portion!of!the!study!area!along!the!Denali!Fault;!the!interior!of!the!Wrangellia!Composite!Terrane;!the!SLN!transect!collected!along!the!Hubbard!Glacier!and!extending!~50!km!to!the!east!of!the!glacier;!the!Wrangell!Mountains;!along!the!western!flank!of!Mt.!Logan!and!the!northeastern!edge!of!the!Seward!Glacier,!nearest!the!active!plate!boundary!and!syntaxis!core;!and!within!the!northeastern!portion!of!the!Chugach!Terrane!(Fig.!2).!!!
5.1$Terrane$Accretion$and$Magmatism$
5.1.1!Wrangellia!Composite!Terrane!Accretion$
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The!Wrangellia!Composite!Terrane!samples!generally!yield!cooling!ages!>70!Ma!for!the!AFT,!ZHe,!and!ZFT!systems.!These!ages!record!Jurassic!to!early!Cenozoic!cooling!related!to!processes!associated!with!the!transport!and!accretion!of!the!Wrangellia!Composite!Terrane!to!North!America!(Fig.!2,!Table!1).!The!initial!accretion!of!the!Wrangellia!Composite!Terrane!in!the!Late!Jurassic!to!Early!Cretaceous!produced!increased!exhumation!rates!along!the!collisional!margin.!Samples!KLB_84,!KLB_68,!KLB_41,!KLB_!11,!and!KLB_!15!have!igneous!compositions!ranging!from!granite!and!granodiorite!to!basalt!and!were!collected!from!the!northeastern!extent!of!the!exposed!Wrangellia!Composite!Terrane!in!the!study!area,!near!the!Denali!Fault.!These!samples!record!cooling!from!above!250°!C!to!below!180°!C!between!154!and!134!Ma!(Fig.!2).!The!higher!temperature!system!cooling!ages!(AFT,!ZHe,!and!ZFT)!are!consistent!with!the!suggested!Middle!Jurassic!to!Late!Cretaceous!timing!of!Wrangellia!Composite!Terrane!accretion!(Jones!et!al.,!1977;!Hillhouse!and!Coe,!1994;!Plafker!and!Berg,!1994)!and!preserve!the!cooling!signal!related!to!erosion!and!exhumation!of!the!thickened!crust!during!the!earlier!stages!of!this!event.!Alternatively,!many!of!the!higher!temperature!system!ages!are!consistent!with!the!timing!of!Late!Jurassic!to!Early!Cretaceous!emplacement!of!the!plutons!sampled!and!may!record!cooling!related!to!magmatic!activity!(Israel,!2004).!!The!younger!AHe!ages!record!cooling!as!a!result!of!more!recent!exhumation!discussed!in!the!following!sections.!!Samples!collected!from!along!the!Hubbard!Glacier!also!originate!from!within!the!Wrangellia!Terrane.!ZHe!and!ZFT!ages!for!these!samples!range!from!171–66!Ma!and!
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record!cooling!related!to!Middle!Jurassic!to!Late!Cretaceous!Wrangellia!Terrane!accretion,!excluding!sample!KLB_44,!which!produced!7.1!Ma!ZHe!and!9.4!Ma!ZFT!and!represent!much!more!recent!exhumation!unrelated!to!Wrangellia!Composite!Terrane!accretion.!The!50.5!Ma!ZHe!age!for!sample!KLB_57!is!likely!too!young!to!be!attributed!to!Wrangellia!Composite!Terrane!accretion!but!considering!its!proximity!to!the!Chugach!Metamorphic!Complex!and!Eocene!plutons,!it!may!have!been!affected!by!an!elevated!geothermal!gradient!following!Eocene!spreading!ridge!subduction.!!The!westernmost!Hubbard!Glacier!samples!(KLB_61,!KLB_62,!KLB_64,!and!KLB_71)!lie!within!the!Chitina!Thrust!belt!in!the!Chitina!valley!between!the!Wrangell!Mountains!and!the!St.!Elias!Mountains!(Fig.!1!and!Fig.!2),!which!formed!during!the!accretion!of!the!Wrangellia!Terrane!(Trop!et!al.,!2002).!Southwest!dipping!thrust!faults!in!the!Chitina!belt!imply!transport!towards!the!northeast!with!thrusts!migrating!northward!with!time!(Trop!et!al.,!2002).!Enkelmann!et!al.!(2010)!reported!125–100!Ma!ZHe!ages!from!the!Wrangell!Mountains,!which!are!consistent!with!two!KLfeldspar!40Ar/39Ar!ages!(Richter!et!al.,!2006)!and!were!interpreted!as!a!regional!cooling!signal!associated!with!the!development!of!the!Chitina!valley!thrust!system!(Trop!et!al.,!2002).!New!bedrock!ZHe!and!ZFT!ages!from!the!western!portion!of!the!study!area,!between!Mt.!Logan!and!the!Wrangell!Mountains,!are!consistent!with!ZHe!ages!reported!by!Enkelmann!et!al.,!2010!ranging!from!112–105!Ma!and!likely!record!the!same!cooling!event.!!
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5.1.2!Wrangellia!Composite!Terrane!Magmatism!In!addition!to!cooling!due!to!exhumation,!Wrangellia!Composite!Terrane!magmatism!likely!heated!rocks!within!the!volcanic!arcs!enough!to!at!least!partially!reset!the!thermochronometric!systems.!Thus,!ages!for!samples!originating!from!the!areas!affected!by!arc!magmatism,!especially!the!higher!temperature!system!ages,!may!record!cooling!following!magmatic!activity.!!Wrangellia!Composite!Terrane!samples!from!the!southern!portion!of!the!Hubbard!Glacier!(near!KLB_60)!were!collected!near!the!mapped!extent!of!the!Chitina!arc!(Plafker!and!Berg,!1994)!and!may!have!been!affected!by!the!magmatism!associate!with!the!arc.!Ages!that!imply!fast!cooling!consistent!with!the!timing!of!Chitina!arc!magmatism!suggest!that!the!rocks!in!this!region!were!affected!by!elevated!temperatures!as!a!result!of!arc!magmatism!in!Late!Jurassic!to!Early!Cretaceous!time.!For!example,!granite!sample!KLB_60!produced!zircon!ages!from!112–110!Ma,!suggesting!rapid!cooling!from!temperatures!above!~250°!C!to!temperatures!below!~180°!C!during!that!short!time!interval!(Fig.!2).!The!timing!of!cooling!is!consistent!with!the!timing!of!the!cessation!of!Chitina!arc!magmatism!and!may!represent!the!relaxation!of!elevated!isotherms!following!the!magmatic!event.!The!apatite!single!grain!ages!from!sample!KLB_60!are!younger!(AHe:!46.7–1.5!±!2.3–0.8!Ma;!AFT:!87.0!±!8.2!Ma)!and!provide!evidence!for!relatively!slow!cooling!below!~110°!C.!The!wide!range!in!AHe!ages,!which!also!show!a!positive!relationship!with!grain!size!(Fig.!A3),!suggests!that!the!sample!remained!in!the!AHe!partial!retention!zone!for!an!extended!period!of!time!before!cooling!below!65°!C.!
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5.1.3!Chugach!Terrane!Cooling!The!three!samples!collected!from!the!Chugach!Terrane!are!granodiorite!(KLB_48),!metapelite!(KLB_49),!and!greenschist!(KLB_50).!The!greenschist!produced!a!7.1!±!0.4!Ma!AHe!age!and!the!metapelite!yielded!a!range!of!ZHe!singleLgrain!ages!between!151.2–19.7!Ma.!While!the!AHe!age!reflects!more!recent!cooling!since!the!arrival!of!the!Yakutat!Terrane!and!unrelated!to!the!initial!accretion!of!the!Chugach!Terrane,!the!variable!singleLgrain!ZHe!ages!are!interpreted!as!recording!partial!resetting!of!zircon!grains!during!metamorphism.!The!granodiorite!sample!yielded!a!2.0!±!0.2!Ma!AHe,!7.0!±!0.3!Ma!ZHe,!and!29.9!±!1.6!Ma!ZFT!age!similarly!records!Chugach!Terrane!cooling!following!Yakutat!subduction!either!due!to!increased!exhumation!or!magmatic!and!metamorphic!processes!!
5.1.4!Paleocene!and!Eocene!Cooling!The!tectonic!configuration!in!southern!Alaska!following!accretion!of!the!Chugach!and!Prince!William!Terranes!is!not!well!constrained,!but!evidence!from!plate!reconstructions!suggests!the!region!was!affected!by!Pacific,!Kula,!and!Farallon!plate!interactions!(Stock!and!Molnar,!1988).!The!early!Eocene!was!marked!by!the!subduction!of!a!spreading!ridge,!which!produced!widespread!plutonism!and!metamorphism!throughout!southern!Alaska!(Hudson!et!al.,!1979;!Hudson!and!Plafker,!1982;!Sisson!et!al.,!1993;!Pavlis!and!Sisson!1995;!Gasser!et!al.,!2012).!The!Chugach!Metamorphic!Complex!formed!during!this!event!and!is!exposed!along!the!easternmost!sliver!of!the!ChugachLSt.!Elias!Range.!Samples!KLB_48,!KLB_51,!KLB_52,!
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KLB_53,!and!KLB_54!were!collected!from!the!ridge!separating!the!Seward!and!Hubbard!Glaciers!near!the!suture!between!the!Wrangellia!and!Chugach!Terranes.!These!samples!along!with!samples!KLB_49!and!KLB_50!originate!from!or!near!the!Chugach!Metamorphic!Complex!implying!that!the!Eocene!spreading!ridge!subduction!event!likely!influenced!their!cooling!history.!Peak!metamorphic!temperatures!for!the!Chugach!Metamorphic!Complex!range!from!510°!C!to!>650°!C!(Sisson!and!Hollister,!1988;!Sisson!et!al.,!1989;!Bruand,!2011),!which!is!well!above!the!closure!temperatures!for!all!of!the!lowLtemperature!thermochronometers.!This!indicates!that!rocks!originating!from!the!Chugach!Metamorphic!Complex!and!potentially!other!nearby!rocks!would!have!been!reset!during!peak!metamorphism!at!55–52!Ma!(Gasser!et!al.,!2012)!and!their!cooling!ages!would!record!subsequent!cooling!following!the!regional!heating.!Samples!from!along!the!WrangelliaLChugach!Terrane!suture!produce!cooling!ages!between!57!and!45!Ma!and!are!consistent!with!the!timing!of!cooling!following!metamorphism!except!for!KLB_54,!which!produced!a!62.5!Ma!ZFT!age!and!may!record!an!earlier!cooling!event!or!is!influenced!by!zoning.!ZFT!ages!for!these!samples!are!older!away!from!the!metamorphic!core,!as!expected!considering!rocks!near!the!amphibolite!core!were!at!higher!temperatures!and!cooled!more!slowly!than!those!in!the!greenschist!rims.!Ages!for!the!lower!temperature!systems!are!more!variable!and!record!more!recent!and!shallower!cooling!events!unrelated!to!Eocene!ridge!subduction!explained!in!the!following!sections.!!
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Granite!samples!from!along!the!Denali!Fault!were!mostly!collected!from!exposed!late!Early!Cretaceous!to!early!Tertiary!plutons!near!the!Denali!Fault!trace!(Fig.!2).!Samples!KLB_98,!KLB_05,!KLB_86,!and!KLB_107!are!granite!collected!from!early!Tertiary!plutons!of!the!northern!Coast!Plutonic!Complex!just!northeast!of!the!Denali!Fault!trace.!These!samples!record!very!rapid!cooling!from!>250°!C!to!110°!C,!indicated!by!the!very!similar!ZFT,!ZHe,!and!AFT!ages!for!each!sample.!Sample!KLB_98!is!the!southernmost!sample!in!this!group!and!records!this!rapid!cooling!between!61.6!Ma!and!59.4!Ma.!The!central!samples,!KLB_05!and!KLB_86!record!fast!cooling!between!51.8!Ma!and!43.2!Ma!and!the!northernmost!sample,!KLB_107,!cooled!quickly!between!38.9!Ma!and!31.0!Ma.!The!modeled!cooling!history!of!KLB_05!is!representative!of!these!samples!and!shows!rapid!cooling!to!near!surface!temperatures!between!50!and!40!Ma!(Fig.!4a).!The!timing!and!northward!progression!of!the!rapid!cooling!signal!is!consistent!with!southwest!to!northeast!emplacement!of!the!Coast!Plutonic!Complex!plutons!in!latest!Paleocene!to!Middle!Eocene!time!(Armstrong,!1987).!
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5.1.5!Yakutat!Subduction!and!Collision!The!extreme!topographic!relief!of!the!St.!Elias!Mountains!is!a!product!of!the!ongoing!Yakutat!subductionLcollision!(Fig.!2).!As!a!result!of!the!onset!of!Yakutat!subduction,!the!St.!Elias!Mountains!region!has!experienced!significant!exhumation!since!the!Late!Eocene!(Finzel!et!al.,!2011b).!During!much!of!this!time,!it!has!been!suggested!that!the!Border!Ranges!Fault!acted!as!the!backstop!to!deformation!(Johnson!and!Karl,!1985;!Roeske!et!al.,!1993;!Haeussler!et!al.,!1995;!Pavlis!and!Roeske,!2007;!
Figure#4.!HeFTy!timeLtemperature!path!models.!Light!gray!indicates!acceptable!fit!and!dark!gray!indicates!good!fit.!!
#
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Enkelmann!et!al.,!2010).!The!sharp!transition!of!new!bedrock!ages!from!younger!ages!south!of!the!Border!Ranges!Fault!to!older!ages!north!of!the!Border!Ranges!Fault!is!consistent!with!this!interpretation!(Fig.!3a).!Furthermore,!an!offset!in!AFT,!ZHe,!and!ZFT!ages!at!between!~20!Ma!and!15!Ma!suggests!significant!differential!exhumation!across!the!fault!as!a!result!of!south!side!up!vertical!motion!along!the!fault!until!20–15!Ma.!Little!to!no!differential!vertical!exhumation!appears!to!have!been!accomplished!since!that!time!by!the!Border!Ranges!Fault,!consistent!with!the!findings!of!Enkelmann!et!al.!(2010).!!Results!of!bedrock!thermochronology!and!more!recent!detrital!thermochronology!studies!have!identified!a!dominant!cooling!signal!at!~15–12!Ma,!which!has!been!attributed!to!mark!the!onset!of!Yakutat!collision!(O’Sullivan!and!Currie,!1996;!Grabowski!et!al.,!2013;!Falkowski!et!al.,!2014).!The!modeled!cooling!history!for!sample!KLB_42,!which!is!representative!of!the!cooling!histories!of!samples!from!the!eastern!side!of!the!Hubbard!Glacier,!shows!cooling!to!~120°!C!by!~80!Ma!but!very!slow!cooling!until!~15!Ma!after!which!the!sample!cooled!very!rapidly!(Fig.!4b).!The!rapid!cooling!at!~15!Ma!is!attributed!to!the!onset!of!Yakutat!collision!and!a!shift!of!the!extent!of!deformation!from!the!Border!Ranges!Fault!into!the!Wrangellia!Composite!Terrane!to!the!northeast.!An!obvious!structure!capable!of!accommodating!strain!and!rapid!exhumation!in!the!interior!of!the!Wrangellia!Composite!Terrane!is!not!immediately!evident,!largely!due!to!widespread!ice!cover.!!!
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Recent!studies!have!identified!a!possible!structure!that!may!connect!the!Fairweather!Fault!to!the!Denali!Fault!and!could!have!facilitated!considerable!vertical!motion!in!response!to!the!onset!of!the!Yakutat!collision!(e.g.,!St.!Amand,!1957;!Richter!and!Matson,!1971;!Lahr!and!Plafker,!1980;!Spotila!and!Berger,!2010).!An!observed!decrease!in!slip!along!the!Denali!Fault!east!of!the!Totschunda!Fault!(see!Fig.!2),!which!is!an!active!splay!of!the!Denali!Fault!(Matmon!et!al.,!2006),!led!to!the!speculation!of!a!structure!that!transfers!strain!from!the!Fairweather!Fault!system!to!the!Denali!Fault!system.!Furthermore,!rupture!resulting!from!the!2002!Denali!Fault!propagated!along!the!Totschunda!Fault!rather!than!continuing!to!the!southeast!along!the!Denali!Fault!(Doser,!2014).!Although!no!direct!field!evidence!for!a!structure!connecting!the!Fairweather!and!Denali!Fault!systems!has!been!found,!the!location!of!the!TotschundaLConnector!Fault!has!been!suggested!based!on!GPS!data!and!tectonic!block!modeling!results!(Elliot!et!al.,!2010!and!2013)!and!the!relocation!of!recent!earthquakes!(Doser,!2014)!(Fig.!2).!The!inferred!southern!extent!of!the!TotschundaLConnector!Fault!is!suggested!as!the!possible!eastern!extent!of!rapid!exhumation!through!recent!detrital!thermochronology!work!from!the!Hubbard!Glacier!and!adjacent!catchments!(Falkowski!et!al.,!2014).!The!new!bedrock!thermochronology!data!presented!herein!suggest!differential!vertical!motion!across!the!TotschundaLConnector!Fault!since!the!onset!of!the!Yakutat!collision!~15!Ma.!A!change!in!AFT!ages!from!>70!Ma!in!the!block!between!the!BRF!and!the!TCF!to!~20!Ma!in!the!block!north!of!it,!suggests!north!side!up!motion!since!~15!Ma.!A!similar!step!to!younger!ages!north!of!the!postulated!TotschundaLConnector!Fault!is!observed!in!AHe!ages!(see!Fig.!3a).!Additionally,!a!group!of!
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Wrangell!Mountain!samples!collected!near!the!postulated!TotschundaLConnector!Fault!(KLB_72–KLB_76)!largely!yielded!surprisingly!young!ages!(<6!Ma)!for!even!the!highest!temperature!ZFT!system.!Enkelmann!et!al.!(2010)!and!Spotila!and!Berger!(2010)!reported!similar!AHe!ages!from!samples!nearby!and!suggest!they!represent!a!structurally!distinct!zone!in!the!Wrangell!Mountains!but!did!not!rule!out!motion!along!the!TotschundaLConnector!fault!contributing!to!differential!exhumation.!Although!the!TotschundaLConnector!Fault!is!hypothesized!as!a!strikeLslip!fault,!a!restraining!bend!can!produce!significant!uplift.!Alternatively,!Spotila!and!Berger!(2010)!have!suggested!that!the!TotschundaLConnector!Fault!may!be!a!poorly!integrated!series!of!thrust!faults,!which!would!be!consistent!with!the!new!data.!However,!due!to!the!proximity!of!these!samples!to!the!Wrangell!volcanic!field,!it!is!more!likely!that!recent!magmatic!heating!could!have!affected!the!cooling!ages!of!these!samples.!!
5.2$Tectonic$and$Surface$Process$Interactions$$#Bedrock!thermochronology!is!commonly!utilized!as!a!tool!to!characterize!the!evolution!of!orogens!as!a!result!of!tectonic!and!surface!process!interactions.!However,!in!areas!where!direct!sampling!is!limited!by!thick!and!widespread!glaciers!as!in!the!case!of!the!St.!Elias!orogen,!detrital!material!can!be!sampled!and!dated!to!produce!an!integrated!record!of!cooling!ages!across!the!catchment!that!is!sampled.!As!a!result!of!the!thick!glaciers!in!the!St.!Elias!region,!only!high!elevations!exposed!above!the!ice!are!accessible!for!bedrock!sampling.!Thus,!bedrock!sampling!is!biased!towards!the!higher!elevations!in!the!St.!Elias!orogen!while!most!detrital!material!is!
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produced!by!glacial!erosion!beneath!the!thick!glaciers!at!lower!elevations.!The!sampling!bias!that!has!been!established!between!bedrock!and!detrital!thermochronology!in!the!St.!Elias!orogen!results!in!different!exhumational!patterns!produced!by!the!two!methods.!This!outcome!is!a!consequence!of!the!ageLelevation!relationship!intrinsic!to!thermochronology.!!Thermochronometric!studies!have!routinely!sampled!bedrock!along!vertical!transects!to!explore!ageLelevation!relationships,!which!can!be!used!to!infer!exhumation!rates!(e.g.,!Wagner!and!Reimer,!1972;!Hurford,!1991;!Fitzgerald!et!al.,!1995;!House!et!al.,!1997;!Reiners!et!al.,!2002;!Clark!et!al.,!2005).!Samples!collected!at!higher!elevations!represent!rock!that!has!passed!through!the!closure!depth!prior!to!samples!collected!at!lower!elevations,!resulting!in!a!positive!relationship!between!sample!elevation!and!thermochronometric!age!(Fig.!5a).!Assuming!a!purely!vertical!transect!and!flat!isotherms,!the!ageLelevation!relationship!can!be!used!to!calculate!apparent!exhumation!rates!by!calculating!the!slope!of!a!linear!regression!fit!to!the!data.!Changes!in!the!exhumation!rate!signify!temporal!variations!in!exhumation!but!can!also!be!affected!by!modifications!in!the!thermal!structure!and/or!topography.!!Due!to!widespread!glaciation!within!the!St.!Elias!Mountains,!direct!access!to!valley!bottoms!is!impossible!and!bedrock!sampling!is!largely!limited!to!ridges!and!nunataks!exposed!above!the!ice.!As!a!consequence,!the!exhumation!pattern!derived!from!the!bedrock!thermochronologic!studies!is!biased!towards!cooling!ages!at!high!elevations.!This!bias!is!particularly!pronounced!in!the!core!of!the!St.!Elias!Mountains!!
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where!the!bulk!of!the!samples!were!collected;!however,!it!is!less!prevalent!in!the!iceLfree!ridges!facing!the!Gulf!of!Alaska!and!the!dry!northern!regions.!In!order!to!quantify!exhumation!at!lower!elevations,!previous!studies!focused!on!the!detrital!ZHe!and!ZFT!thermochronology!of!glaciofluvial!sediment!originating!from!above!and!beneath!glaciers!in!order!to!quantify!exhumation!across!the!entire!catchments,!including!rocks!above!and!underneath!glacial!ice,!(Enkelmann!et!al.,!2008,!2009,!2010;!Grabowski!et!al.,!2013;!Falkowski!et!al.,!2014).!A!consequence!of!this!sampling!strategy!is!that!detrital!thermochronology!loses!spatial!resolution!and!the!area!that!is!represented!by!the!detrital!coolingLage!distribution!is!only!constrained!by!the!glacial!catchment.!It!has!been!suggested!that!supraglacial!sediment!can!account!for!up!to!25L60!percent!of!the!total!glacial!sediment!flux!(Syvitski,!1989;!Hunter!et!al.,!1996;!Arsenault!and!Meigs,!2005;!Hallet!and!Roche,!2010),!but!because!the!Seward!and!Malaspina!Glaciers!cover!most!of!their!respective!catchments,!it!is!assumed!that!supraglacial!sediment!contributes!negligibly!to!the!total!glacial!sediment!yield!represented!by!detrital!samples!collected!from!this!region.!It!is!also!expected!that!the!youngest!age!population!found!in!a!detrital!sample!records!the!cooling!of!the!rocks!with!the!lowest!elevation!in!the!catchment,!as!predicted!by!the!ageLelevation!relationship.!!!Detrital!ZFT!ages!near!the!Yakutat!indentor!corner!produced!a!significant!number!of!singleLgrain!ages!<5!Ma!with!age!populations!whose!statistical!peak!is!at!~3–2!Ma,!indicating!rapid!exhumation!from!>8!km!depth!(Enkelmann!et!al.,!2008,!2009,!2010;!Falkowski!et!al.,!2014).!These!extremely!young!age!populations!have!been!found!in!
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the!detritus!of!the!SewardLMalaspina!Glacier,!the!Hubbard!Glacier,!and!smaller!catchments!east!and!west!of!the!Hubbard!Glacier,!collectively!defining!an!area!of!most!rapid!exhumation!centered!at!the!apex!of!the!St.!Elias!syntaxis!(see!outline!in!Fig.!2).!The!ZFT!results!are!supported!by!the!petrology!and!the!ZHe!ages!of!glaciofluvial!cobbles!from!the!Malaspina!Glacier!showing!that!the!rapidly!exhuming!region!includes!rock!types!typical!for!the!Prince!William,!Chugach,!and!Wrangellia!Terranes.!!!Samples!for!this!study!were!collected!over!a!large!area!across!multiple!significant!faults!but!do!not!span!a!significant!vertical!range.!O’Sullivan!and!Currie!(1996)!reported!AFT!and!ZFT!ages!along!a!~4,000!m!elevation!profile!of!Mt.!Logan.!These!published!ages!were!combined!with!new!cooling!ages!of!six!samples!from!the!core!of!the!syntaxis!and!eastern!flank!of!Mt.!Logan!(KLB_51,!KLB_52,!KLB_53,!KLB_54,!KLB_55,!and!KLB_56)!to!explore!age!vs.!elevation!relations!(Fig.!5b).!!Additionally,!the!youngest!age!population!peak!found!in!the!detrital!age!distribution!from!the!Seward!and!Hubbard!glaciers!is!included!and!represents!the!lowest!elevations!in!each!catchment.!The!lowest!elevation!in!the!age!vs.!elevation!profile!is!assigned!to!these!detrital!samples:!1000!m!asl!elevation!assuming!a!~700!m!ice!thickness!as!identified!through!lowLfrequency!radar!sounding!of!the!Seward!and!Hubbard!Glaciers!(Rignot!et!al.,!2013).!In!order!to!present!ages!for!multiple!thermochronometers!on!a!single!age!vs.!elevation!profile,!the!elevation!of!each!sample!was!adjusted!to!incorporate!the!closure!depth!of!each!thermochronometric!system!to!produce!a!pseudoLelevation!for!each!age!following!the!procedure!outlined!
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by!Brandon!et!al.!(1998).!Elevations!are!normalized!to!the!AHe!system!such!that!the!AHe!ages!are!plotted!against!their!true!elevation!and!each!higher!temperature!system!age!is!plotted!against!an!adjusted!pseudoLelevation,!calculated!as!the!true!elevation!plus!the!difference!between!the!respective!thermochronometer!closure!depth!and!the!AHe!closure!depth!(see!Brandon!et!al.!(1998)!for!details).!!Fitting!regression!lines!to!the!data!in!an!age!vs.!elevation!diagram!allows!identifying!breaks!in!the!slope!(i.e.!more!than!one!line!is!needed!to!fit!the!data)!whereby!the!slope!of!the!line!provides!an!estimate!of!the!apparent!exhumation!rates!(steeper!slopes!indicate!higher!exhumation!rates)!for!a!specific!duration.!Thus,!the!ageLelevation!plot!reveals!changes!in!exhumation!rates!through!time.!Bedrock!cooling!ages!for!Mt.!Logan!span!from!62.5–0.5!Ma!and!produce!four!distinct!periods!of!exhumation!(Fig.!5b).!Exhumation!prior!to!~48!Ma!was!very!slow,!with!apparent!rates!of!only!0.03!mm/yr.!This!early!stage!of!slow!exhumation!is!attributed!to!late!Mesozoic!and!early!Cenozoic!terrane!accretion.!An!increase!in!exhumation!to!an!apparent!rate!of!0.09!mm/yr!occurs!at!~48!Ma!and!is!interpreted!as!the!start!of!subduction!of!the!Yakutat!plate!beneath!the!North!American!Plate!(Haeussler!et!al.,!2003;!Finzel!et!al.,!2011b).!At!~13!Ma,!exhumation!increased!to!an!apparent!rate!of!0.16!mm/yr.!This!is!consistent!with!the!suggested!timing!of!the!onset!of!Yakutat!plate!collision!between!15–12!Ma,!based!on!a!distinct!age!population!peak!found!in!the!SewardLMalaspina!Glacier!cobbles!that!originate!from!the!Yakutat!as!well!as!the!North!American!plate!(Grabowski!et!al.,!2013).!The!most!prominent!increase!in!exhumation!rates!occurs!at!~6!Ma,!producing!apparent!exhumation!rates!of!0.65!
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mm/yr!(Fig.!5b).!Two!bedrock!ZFT!ages!from!O’Sullivan!and!Currie!(1996)!are!interpreted!as!recording!the!cooling!following!Eocene!spreading!ridge!subduction!and!are!not!included!in!calculating!exhumation!rates!(see!Fig.!5b).!!O’Sullivan!and!Currie!(1996)!interpret!their!AFT!ages!to!be!reflecting!two!exhumed!partial!annealing!zones,!which!represent!the!temperature!zone!(~60–110°!C)!in!which!fission!tracks!are!progressively!annealed!with!increasing!temperature.!The!inflection!points!in!their!AFT!ageLelevation!profile!are!interpreted!as!the!onset!of!exhumation!following!a!period!of!residence!with!the!partial!annealing!zone.!When!plotted!with!new!bedrock!ages,!a!similar!trend!is!apparent!for!the!other!thermochronologic!systems,!suggesting!that!the!inflection!points!for!the!other!systems!represent!changes!in!exhumation!that!are!generally!consistent!with!the!interpretations!made!by!O’Sullivan!and!Currie!(1996).!Additionally,!the!timeLtemperature!model!for!KLB_55,!located!on!the!eastern!flank!of!Mt.!Logan,!shows!cooling!to!~110°!C!at!~50!Ma!followed!by!very!slow!cooling!through!the!AFT!partial!annealing!zone!until!~5!Ma,!when!rapid!cooling!brought!the!sample!to!near!surface!temperatures!(Fig.!4c).!Using!the!detrital!ZHe!and!ZFT!data!from!the!Seward!and!Hubbard!glaciers!to!extend!the!ageLelevation!plot!to!the!lowest,!ice!covered,!elevation,!an!entirely!different!trend!is!revealed!with!a!very!steep!regression!line!suggesting!exhumation!rates!of!~7!mm/yr!between!3–2!Ma!(Fig.!5b).!!The!disparity!between!detrital!and!bedrock!exhumation!rates!can!be!partially!explained!by!the!thermal!structure!of!the!crust.!A!30°!C/km!geothermal!gradient!is!assumed!in!calculating!exhumation!rates,!and!although!it!is!an!acceptable!estimate!
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for!the!region!(Magoon,!1986),!it!does!not!take!into!account!the!influence!of!topography!on!lower!temperature!isotherms.!Numerical!models!have!shown!that!in!regions!with!a!topographic!amplitude!of!3!km!and!a!wavelength!of!20!km,!the!100!°C!isotherm!can!be!bent!to!an!amplitude!of!up!to!400!meters!for!regions!exhuming!>1!mm/yr!(Stüwe!et!al,!1994;!Mancktelow!and!Grasemann,!1997).!This!effect!is!even!more!pronounced!for!high!amplitude!and!short!wavelength!topography!coupled!with!high!exhumation!rates!for!a!prolonged!period!of!time!but!again,!primarily!only!affects!isotherms!up!to!100°!C.!The!large!elevation!difference!between!the!Seward!Glacier!bed!and!the!peak!of!Mt.!Logan!(~5,000!m)!likely!results!in!perturbed!isotherms!of!<100°!C.!As!a!result,!the!AHe!closure!isotherm!is!drastically!bent!upwards!beneath!Mt.!Logan!with!the!AFT!closure!isotherm!bent!to!a!lesser!degree!while!the!ZHe!and!ZFT!closure!isotherms!are!largely!undisturbed.!In!contrast,!closure!temperature!isotherms!beneath!valleys!become!compressed!(see!Fig.!5a).!If!high!exhumation!rates!persist!over!millions!of!years,!the!isothermal!bending!will!become!more!pronounced,!eventually!effecting!also!higher!temperature!systems.!Numerical!modeling!of!the!crust’s!thermal!structure!would!be!necessary!to!quantify!the!exhumation!rates!and!their!spatial!and!temporal!evolution,!which!is!beyond!the!scope!of!this!study.!Independent!of!what!the!true!exhumation!rates!are,!the!very!pronounced!difference!between!the!apparent!exhumation!rates!recorded!by!the!exposed!bedrock!at!high!elevations!and!the!detrital!material!originating!from!the!lowLelevation!part!of!the!glacial!catchment!requires!two!different!mechanism!of!exhumation.!!!
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Periglacial!processes!such!as!headwall!erosion!and!landslides!dominate!erosion!of!the!iceLfree!ridges,!from!which!new!bedrock!samples!were!collected,!whereas!the!material!sampled!for!detrital!thermochronology!was!mostly!eroded!and!transported!via!subglacial!processes.!The!Seward!Glacier!occupies!a!large!valley!dominated!by!large!faults!(i.e.!Border!Ranges!Fault!and!Contact!Fault)!entangled!in!a!structural!knot!(Koons!et!al.,!2010,!2013).!The!accumulated!strain!in!this!area!promotes!fracturing!of!rocks!and!presumably!enhances!subglacial!erosion!processes!such!as!quarrying,!abrasion,!and!subglacial!fluvial!erosion!(e.g.,!Dühnforth!et!al.,!2010;!Iverson,!2012).!Thus,!erosion!beneath!the!Seward!and!Hubbard!Glaciers!is!more!efficient!than!periglacial!erosion!that!dominates!iceLfree!ridges!above!the!glaciers!and!contributes!to!faster!exhumation!when!compared!to!exhumation!recorded!by!bedrock!at!higher!elevations.!Efficient!glacial!erosion!of!fractured!rocks!may!lead!to!the!concentration!of!strain!at!the!plate!corner!as!predicted!by!numerical!models!(Koons!et!al.,!2002;!Koons!et!al.,!2010).!!An!incipient!tectonic!aneurysm!has!been!suggested!for!the!St.!Elias!syntaxis!to!explain!young!detrital!ZFT!ages!found!in!the!SewardLMalaspina!sediments!(Enkelmann!et!al.,!2009;!Koons!et!al.,!2013).!The!2.1!Ma!detrital!ZHe!and!2.7!Ma!detrital!ZFT!cooling!age!populations!indicate!very!rapid!cooling!from!>250°!C!to!<180°!C!in!0.6!myr,!yielding!an!apparent!exhumation!rate!of!3.9!mm/yr!(assuming!a!30°/C!geothermal!gradient).!This!exhumation!rate!may!have!been!high!enough!to!initiate!a!tectonic!aneurysm!but!slower!cooling!from!~180°!to!surface!temperatures!in!2.1!myr!since!~2!Ma!indicates!that!exhumation!decelerated!to!2.8!mm/yr.!
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Furthermore,!bedrock!at!higher!elevations!does!not!record!a!similar!signal!of!rapid!exhumation,!suggesting!that!a!tectonic!aneurysm!may!have!begun!developing!but!failed!after!~2!Ma.!!
5.3$Regional$Exhumation$History$
!To!explore!the!spatial!and!temporal!variation!of!exhumation!across!the!entire!region!governed!by!the!Yakutat!collision,!exhumation!rates!were!calculated!for!each!of!the!new!and!previously!published!bedrock!cooling!ages!(O’Sullivan!et!al.,!1995;!O’Sullivan!and!Currie,!1996;!Berger!and!Spotila,!2008;!Berger!et!al.,!2008;!McAleer!et!al.,!2009;!Enkelmann!et!al.,!2010;!Spotila!and!Berger,!2010;!Enkelmann!et!al.,!2015).!Interpolated!grid!maps!were!constructed!to!reveal!the!spatial!pattern!of!exhumation!rates!for!four!different!thermochronometric!systems!(AHe,!AFT,!ZHe,!and!ZFT)!(Fig.!6).!Exhumation!is!calculated!as!the!sum!of!the!sample!elevation!and!closure!depth!for!each!respective!thermochronometric!system,!which!represents!the!vertical!distance!each!sample!travelled,!divided!by!the!thermochronometric!age.!The!closure!temperature!is!related!to!the!closure!depth!using!an!assumed!30°!C/km!geothermal!gradient.!AHe!and!ZHe!closure!temperatures!are!sensitive!to!diffusion!parameters!and!were!calculated!for!each!sample!by!inputting!grain!radii!and!computed!cooling!rates!into!the!CLOSURE!program!(Brandon!et!al,!1998;!Ehlers!et!al.,!2005).!Additionally,!AHe!closure!depths!were!corrected!for!the!long!wavelength!topographic!influence!on!shallow!isotherms!in!active!mountain!ranges!(Stüwe!et!al.,!1994;!Mancktelow!and!Grasemann,!1997).!Sample!elevations!were!adjusted!relative!to!the!local!mean!elevation,!which!was!calculated!from!a!10!km!radius!area!around!
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each!sample!using!elevation!data!from!the!30Lm!resolution!Advanced!Spaceborne!Thermal!Emission!and!Reflection!Radiometer!(ASTER)!Global!Digital!Elevation!Model!(GDEM).!
!
Figure#6.!Maps!showing!interpolated!grids!of!exhumation!rates!derived!from!A)!AHe,!B)!AFT,!C)!ZHe,!and!D)!ZFT!ages.!Depths!over!which!exhumation!is!integrated!is!indicated!next!to!each!system.!Circles!represent!sample!locations!for!ages!used!in!exhumation!rate!calculations!for!each!map.!!The!interpolated!grid!maps!show!exhumation!rates!integrated!over!depths!corresponding!to!each!of!the!four!thermochronometric!systems!(Fig.!6).!Thus,!the!AHe!derived!exhumation!rate!represents!the!shallowest!and!most!recent!exhumation!while!exhumation!rates!derived!from!the!higher!temperature!systems!
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represent!exhumation!at!deeper!crustal!levels!integrated!over!longer!time!periods.!Consequently,!the!AHe!derived!exhumation!rates!are!generally!highest!(0.04–9.4!mm/yr)!and!ZFT!exhumation!rates!are!lower!(0.08–1.87!mm/yr)!(Fig.!6).!More!insightful!are!the!spatial!patterns!and!their!changes!through!time.!All!four!maps!reveal!that!the!general!location!of!most!rapid!exhumation!occurs!at!the!plate!boundary!transition!from!transform!to!convergence!at!the!St.!Elias!syntaxis.!Much!slower!exhumation!rates!dominate!the!region!inboard!of!the!plate!boundary!to!the!north!and!to!the!east!(Fig.!6).!!!Comparison!of!the!four!contour!maps!reveals!that!the!rapidly!exhuming!region!shifts!southward,!towards!the!Yakutat!microplate,!through!time.!Deep,!long!term!exhumation!shown!on!the!ZFT!map!is!most!rapid!in!and!largely!confined!to!the!Hubbard!and!Seward!Glacier!catchments,!extending!marginally!to!the!west!and!south!(Fig.!6a).!In!the!ZHe!map,!the!locus!of!most!rapid!exhumation!is!still!centered!in!the!Seward!and!Hubbard!Glacier!catchments!and!just!north!of!Yakutat!Bay!but!also!extends!further!to!the!south!along!the!transpressional!plate!boundary!(Fig.!6b).!A!change!in!PacificLNorth!America!relative!plate!motions!by!10–15°!from!8–5!Ma!was!identified!by!Stock!and!Molnar!(1988)!and!Engebretson!et!al.!(1985)!and!resulted!in!increased!obliquity!between!the!Yakutat!and!Pacific!plates.!An!eastward!shift!in!relative!plate!motions!could!explain!the!development!of!transpressional!structures!south!of!the!syntaxis!that!define!the!extent!of!increased!exhumation.!The!AHe!exhumation!pattern!shows!a!wellLdefined!eastern!transform!boundary!along!which!rapid!exhumation!is!achieved!through!transpressional!motion!(Fig.!6A).!AHe!
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data!show!a!rapidly!exhuming!region!at!the!western!edge!of!the!map!to!which!the!locus!of!exhumation!has!shifted!since!~2!Ma.!!
6.#Conclusions#The!key!findings!of!this!study!are:!1. Cooling!and!exhumation!of!the!St.!Elias!syntaxis!region!is!recorded!in!three!phases:!exhumation!during!Late!Jurassic!to!early!Cenozoic!time!related!to!Wrangellia!Terrane!accretion;!Paleocene!and!Eocene!cooling!related!to!spreading!ridge!subduction;!and!midLEocene!to!Present!exhumation!due!to!Yakutat!subduction!and!collision.!2. The!Border!Ranges!Fault!acted!as!a!deformational!backstop!and!facilitated!considerable!vertical!motion!prior!to!~20!Ma!but!has!since!accommodated!negligible!motion.!3. Strain!transfer!from!the!Fairweather!Fault!system!to!the!Denali!Fault!system!along!the!postulated!TotschundaLConnector!Fault!resulted!in!a!recent!increase!in!exhumation!north!of!the!fault,!across!what!may!be!a!series!of!thrust!faults!that!have!not!yet!been!fully!integrated!into!the!structural!evolution!of!the!region.!4. The!disparity!between!younger!detrital!cooling!ages!and!older!bedrock!ages!results!from!elevated!geothermal!gradient!beneath!the!glaciers!due!to!coLlocation!of!strain!concentration!and!highly!efficient!glacial!erosion.!5. Apparent!exhumation!rates!suggest!the!start!of!rapid!exhumation!at!~6!Ma,!coinciding!with!a!major!change!in!relative!plate!motions!and!the!onset!of!
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glaciation.!The!locus!of!greatest!exhumation!within!the!entire!ChugachLSt.!Elias!Mountains!is!focused!at!the!syntaxis!region!and!has!a!shifted!from!the!highLelevation!region!of!the!SewardLHubbard!glacier!to!the!southern!coastal!regions!of!the!syntaxis.!!
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66.0
KLB59_2
0139°54.565'
1
28.9
59.6
8.2
9.83E015
42.9
5.13
0.786
6.53
0.33
62.5
KLB59_3
1
22.7
44.7
7.3
7.74E015
33.2
5.74
0.778
7.38
0.37
60.0
7.45
0.96
KLB60_1
60°37.899'
1
6.5
14.9
8.3
1.67E014
10.0
36.74
0.786
46.71
2.34
63.0
KLB60_2
0139°51.947'
1
9.2
17.0
8.7
9.46E015
13.2
18.63
0.769
24.21
1.21
55.5
KLB60_3
1
8.8
17.5
7.9
2.45E014
12.9
27.22
0.808
33.68
1.68
66.0
KLB60_4
1
296.0
753.3
170.0
1.09E014
473.0
1.11
0.722
1.54
0.08
50.0
KLB60_5
1
89.5
180.3
34.3
9.14E015
131.8
3.61
0.717
5.03
0.25
48.5
RRR
RRR
KLB61_1
60°39.398'
1
24.0
52.2
6.7
3.14E015
36.3
4.33
0.723
5.98
0.30
50.0
KLB61_2
0139°55.500'
1
44.7
56.6
4.3
4.33E015
58.0
4.78
0.701
6.81
0.34
45.0
KLB61_3
1
25.2
57.5
9.3
3.04E015
38.7
3.88
0.725
5.35
0.27
51.5
6.05
0.73
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N
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U
Th
Sm
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
m
w
ar
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB62_1
60°40.237'
1
14.6
34.0
11.9
2.75E015
22.6
5.20
0.731
7.11
0.36
49.5
KLB62_2
0139°55.870'
1
12.0
25.9
11.9
3.51E015
18.1
4.89
0.782
6.25
0.31
67.0
KLB62_3
1
12.6
27.3
12.2
5.18E015
19.0
5.71
0.793
7.20
0.36
67.5
6.85
0.52
KLB63_1
60°42.789'
1
27.2
39.6
9.3
2.82E015
36.5
3.59
0.719
4.99
0.25
44.5
KLB63_2
0139°51.703'
1
26.0
40.6
10.9
4.62E015
35.5
5.45
0.731
7.46
0.37
47.5
KLB63_3
1
28.8
32.0
9.3
2.82E015
36.3
3.62
0.731
4.95
0.25
49.5
KLB63_4
1
17.3
63.4
15.1
9.37E015
32.2
4.82
0.793
6.08
0.30
61.5
KLB63_5
1
35.7
51.5
6.6
2.16E014
47.9
4.74
0.832
5.69
0.28
76.5
KLB63_6
1
24.6
102.0
54.5
4.34E014
48.6
12.65
0.788
16.05*
0.80
57.0
5.83
1.03
KLB64_1
60°47.359'
1
18.5
34.0
5.2
8.13E015
26.5
4.07
0.823
4.95
0.25
78.0
KLB64_2
0139°53.252'
1
21.2
55.2
11.9
6.91E015
34.2
2.69
0.818
3.29
0.16
73.5
KLB64_3
1
23.5
37.5
6.7
7.15E015
32.3
4.17
0.786
5.31
0.27
57.0
4.51
1.08
KLB68_1
60°45.284'
1
8.2
8.8
7.4
2.12E014
10.2
34.49
0.803
42.92
2.15
64.0
KLB68_2
0138°49.092'
1
11.7
10.6
11.7
2.35E014
14.2
28.43
0.796
35.70
1.78
59.5
KLB68_3
1
14.5
10.3
8.7
3.02E014
16.9
33.41
0.795
42.00
2.10
60.0
40.21
3.93
KLB71_2
60°49.973'
1
13.7
3.9
5.2
6.18E015
14.6
21.31
0.723
29.46
1.47
50.0
KLB71_3
0139°56.130'
1
8.3
1.7
2.0
8.52E015
8.7
28.11
0.764
36.77
1.84
55.5
33.12
5.17
KLB72_1
60°52.453'
1
4.6
4.1
11.2
1.21E015
5.5
2.80
0.827
3.38
0.17
78.5
KLB72_2
0140°00.863'
1
8.0
8.6
8.7
1.33E015
10.1
2.32
0.808
2.87
0.14
72.5
KLB72_3
1
17.9
8.7
5.4
1.40E015
19.9
1.65
0.792
2.09
0.10
65.5
2.78
0.65
KLB73_1
60°56.332'
1
10.5
7.8
41.9
4.49E016
12.4
0.82
0.783
1.05
0.05
58.0
KLB73_2
0140°07.800'
1
10.5
7.1
40.8
3.30E016
12.2
0.77
0.775
0.99
0.05
60.0
KLB73_3
1
11.1
8.2
42.4
7.55E016
13.0
1.17
0.799
1.47
0.07
67.5
1.17
0.26
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U
Th
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Abs.'Err.
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w
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M
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'(μm
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61°10.038'
0140°14.271'
KLB84_1
61°03.596'
1
20.2
26.1
15.7
3.48E013
26.3
79.96
0.866
92.25
4.61
111.0
KLB84_2
0139°15.793'
1
23.1
26.9
16.0
3.09E013
29.5
87.33
0.852
102.37
5.12
107.5
KLB84_3
1
27.8
34.6
24.5
4.68E013
35.9
80.57
0.864
93.16
4.66
103.5
KLB84_4
1
27.7
35.2
20.6
1.23E013
36.0
97.91
0.771
126.71
6.34
58.5
103.62
16.06
KLB86_1
60°59.687'
1
15.3
12.5
43.7
3.04E014
18.2
28.55
0.801
35.63
1.78
63.0
KLB86_2
0138°27.706'
1
20.4
6.5
31.8
5.31E014
21.9
33.09
0.825
40.09
2.00
91.5
KLB86_3
1
9.1
3.7
23.4
2.89E014
9.9
33.70
0.836
40.29
2.01
85.0
38.67
2.64
KLB88_2
60°24.516'
1
23.9
28.3
6.1
3.65E015
30.5
6.80
0.719
9.46
0.47
51.5
KLB88_3
0137°02.964'
1
15.5
19.7
2.4
1.30E015
20.1
5.18
0.683
7.58
0.38
44.5
8.52
1.33
KLB91_1
60°02.805'
1
2.9
4.5
21.5
1.09E015
3.9
8.61
0.755
11.40
0.57
52.5
KLB91_2
0138°53.026'
1
2.2
5.5
18.9
8.20E016
3.5
8.93
0.730
12.24
0.61
47.5
KLB91_3
1
3.9
5.0
19.2
1.34E015
5.0
8.10
0.763
10.62
0.53
55.5
11.42
0.81
KLB98_1
60°02.805'
1
15.0
8.8
12.8
4.65E014
17.1
27.95
0.838
33.35
1.67
79.5
KLB98_2
0136°53.029'
1
45.3
50.5
30.6
3.47E014
57.2
22.10
0.758
29.14
1.46
61.0
KLB98_3
1
40.9
54.5
33.2
3.41E014
53.7
17.41
0.779
22.34
1.12
69.5
28.28
5.56
KLB107_1
61°33.921'
1
21.4
21.6
23.5
4.90E015
26.5
13.87
0.689
20.12
1.01
44.0
KLB107_2
0139°21.647'
1
17.5
9.5
28.8
3.47E015
19.8
12.77
0.687
18.58
0.93
41.0
KLB107_3
1
15.6
7.8
33.6
5.30E015
17.4
14.60
0.730
19.99
1.00
48.0
19.56
0.85
*5Single5grain5age5not5included5in5m
ean5age5calculation
m
w
ar5=5m
ass0w
eighted5average5radius
+51σ5error5based5on5lab5reproducibility
Ft5factor5=5alpha5ejection5correction5factor5(Farley5et5al.,51996)
0005M
ean5age5is5not5calculated5due5to5w
ide5range5of5single5grain5ages
1.89E016
0.3
3.75
0.873
KLB76_3
1
0.1
0.5
0.0
4.29
0.21
4.29
0.21
+
120.0
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U
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Ft'Factor
Corr.'Age
Abs.'Err.
m
w
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M
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Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB4_1
60°46.461'
1
424.0
151.7
1.72E013
459.7
17.65
0.741
23.80*
1.19
42.5
KLB4_2
0137°41.640'
1
170.0
58.1
1.52E013
183.6
39.85
0.759
52.44
2.62
43.0
KLB4_3
1
683.7
380.0
3.29E013
773.0
41.10
0.704
58.31
2.92
36.5
KLB4_4
1
498.0
53.9
2.10E013
510.7
46.95
0.685
68.43
3.42
33.0
59.73
8.09
KLB5_1
60°48.851'
1
1195.4
145.2
3.57E012
1229.5
39.59
0.839
47.15
2.36
62.5
KLB5_2
0137°29.378'
1
973.6
127.4
4.00E012
1003.5
43.79
0.852
51.36
2.57
68.5
49.26
2.97
KLB11_1
60°06.810'
1
609.6
247.2
5.80E012
667.7
124.99
0.834
149.55
7.48
61.0
KLB11_2
0137°55.714'
1
693.4
242.5
8.14E012
750.3
109.89
0.856
128.17
6.41
71.5
138.86
15.12
KLB15_1
60°03.002'
1
452.0
187.6
1.89E012
496.1
115.69
0.802
143.90
7.19
56.5
KLB15_2
0137°55.597'
1
461.4
166.3
1.83E012
500.5
118.41
0.798
147.99
7.40
54.5
145.95
2.89
KLB19_1
59°59.499'
1
369.0
107.4
3.01E013
394.2
34.04
0.770
44.17
2.21
46.0
KLB19_2
0137°46.527'
1
1464.2
381.8
7.89E013
1553.9
79.35
0.654
120.87*
6.04
31.0
KLB19_3
1
71.5
20.9
1.44E014
76.4
23.94
0.685
34.91
1.75
35.5
39.54
6.55
KLB41_1
60°25.661'
1
469.8
199.6
2.49E012
516.7
125.45
0.804
155.61
7.78
53.5
KLB41_2
0138°14.570'
1
357.7
126.4
2.08E012
387.4
107.51
0.821
130.68
6.53
58.0
143.15
17.63
KLB42_1
60°24.160'
1
1460.4
187.5
1.50E012
1504.4
60.62
0.744
81.32
4.07
40.5
KLB42_2
0138°40.941'
1
387.2
128.7
5.14E013
417.5
87.82
0.739
118.52
5.93
43.0
99.92
26.30
KLB43_1
60°24.220'
1
830.1
188.7
7.40E012
874.5
77.84
0.861
90.30
4.52
74.0
KLB43_2
0138°45.982'
1
781.0
198.7
1.65E012
827.7
34.40
0.829
41.46
2.07
60.0
PPP
PPP
64
Sam
ple'ID
Lat./Long.
N
'Grains
U
Th
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
m
w
ar
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB44_1
60°25.690'
1
377.2
269.2
3.48E014
440.5
5.66
0.733
7.72
0.39
41.0
KLB44_2
0139°05.611'
1
330.9
225.3
3.81E014
383.9
4.99
0.768
6.49
0.32
50.0
7.11
0.87
KLB45_1
60°27.300'
1
343.8
182.7
3.21E013
386.8
70.99
0.703
100.72
5.04
34.5
KLB45_2
0139°22.226'
1
143.7
61.8
6.24E014
158.2
31.32
0.726
43.09
2.15
40.0
KLB45_3
1
107.7
58.9
8.95E014
121.5
65.64
0.703
93.18
4.66
35.0
KLB45_4
1
488.9
232.2
1.57E012
543.5
130.14
0.761
170.45
8.52
43.0
PPP
PPP
KLB47_1
60°25.811'
1
803.5
266.9
1.47E013
866.2
3.69
0.824
4.48
0.22
62.5
KLB47_2
0139°32.713'
1
1871.1
303.0
2.20E013
1942.3
5.44
0.777
7.00
0.35
53.5
KLB47_3
1
315.4
82.7
2.57E014
334.8
2.87
0.786
3.66
0.18
50.0
5.05
1.74
KLB48_1
60°21.893'
1
1741.0
277.7
1.28E013
1806.2
5.05
0.709
7.13
0.36
33.5
KLB48_2
0139°54.556'
1
1058.2
183.4
6.98E014
1101.3
4.77
0.704
6.78
0.34
33.0
6.95
0.25
KLB49_1
60°17.453'
1
103.7
61.1
1.24E013
118.0
86.17
0.717
119.84
5.99
38.0
KLB49_2
0140°00.988'
1
353.2
101.3
1.91E014
377.0
17.01
0.561
30.28
1.51
25.0
KLB49_3
1
861.0
298.6
2.22E013
931.1
82.44
0.542
151.17
7.56
23.0
KLB49_4
1
265.6
131.7
1.27E013
296.5
85.08
0.617
137.31
6.87
27.5
KLB49_5
1
146.4
46.0
4.47E015
157.2
10.71
0.543
19.71
0.99
24.0
PPP
PPP
KLB51_1
60°26.418'
1
446.3
121.3
2.69E013
474.8
30.94
0.756
40.89
2.04
44.0
KLB51_2
0139°55.182'
1
484.3
141.5
1.00E013
517.5
19.70
0.698
28.21
1.41
35.0
KLB51_3
1
762.9
167.5
2.59E013
802.2
18.85
0.751
25.08
1.25
42.5
KLB51_4
1
238.0
53.8
1.54E013
250.7
12.22
0.829
14.73
0.74
64.5
PPP
PPP
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Sam
ple'ID
Lat./Long.
N
'Grains
U
Th
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
M
W
AR
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB52_1
60°26.591'
1
212.9
98.2
1.33E014
235.9
8.43
0.654
12.89
0.64
30.5
KLB52_2
0139°57.523'
1
135.7
66.2
1.32E014
151.3
8.14
0.695
11.71
0.59
33.5
12.30
0.84
KLB53_1
60°29.184'
1
323.5
70.3
2.64E014
340.1
8.40
0.699
12.01
0.60
36.5
KLB53_2
0140°00.709'
1
109.5
37.8
1.10E014
118.3
9.99
0.696
14.35
0.72
35.5
13.18
1.66
KLB54_1
60°30.398'
1
95.5
14.5
1.75E013
98.9
29.33
0.826
35.49
1.77
57.0
KLB54_2
0140°01.380'
1
184.1
52.8
5.03E013
196.5
37.88
0.827
45.77
2.29
56.5
40.63
7.27
KLB55_1
60°32.983'
1
70.0
21.4
2.97E014
75.0
25.34
0.741
34.18
1.71
41.0
KLB55_2
0140°05.940'
1
85.3
28.4
1.73E014
92.0
27.71
0.660
41.93
2.10
31.5
38.05
5.48
KLB57_1
60°33.302'
1
124.2
56.9
2.72E013
137.5
43.87
0.824
53.19
2.66
65.5
KLB57_2
0139°53.854'
1
163.9
56.2
3.64E013
177.1
39.54
0.828
47.72
2.39
62.5
50.46
3.87
KLB58_1
60°35.235'
1
772.4
191.6
3.12E012
817.5
62.23
0.842
73.83
3.69
73.0
KLB58_2
0139°54.138'
1
169.2
65.2
5.78E013
184.5
55.67
0.837
66.45
3.32
70.5
70.14
5.22
KLB59_1
60°36.459'
1
216.2
71.9
1.75E013
233.1
52.90
0.743
71.09
3.55
45.0
KLB59_2
0139°54.565'
1
215.9
87.0
1.14E013
236.4
52.80
0.692
76.15
3.81
35.0
73.62
3.58
KLB60_1
60°37.899'
1
690.5
325.9
1.64E012
767.1
76.24
0.784
97.07
4.85
49.0
KLB60_2
0139°51.947'
1
998.0
472.8
2.01E012
1109.1
93.01
0.751
123.52
6.18
41.5
110.29
18.70
KLB61_1
60°39.398'
1
111.0
63.1
4.77E014
125.8
50.33
0.671
74.83
3.74
33.0
KLB61_2
0139°55.500'
1
540.9
154.9
2.08E013
577.3
47.49
0.674
70.32
3.52
33.0
72.58
3.19
66
Sam
ple'ID
Lat./Long.
N
'Grains
U
Th
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
m
w
ar
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB62_1
60°40.237'
1
126.0
67.5
1.98E013
141.9
79.09
0.744
106.05
5.30
40.5
KLB62_2
0139°55.870'
1
186.6
88.8
2.19E013
207.5
59.96
0.751
79.70
3.98
43.0
92.87
18.64
KLB63_1
60°42.789'
1
590.8
490.9
7.41E012
706.2
121.66
0.839
144.70
7.20
62.0
KLB63_2
0139°51.703'
1
531.9
531.7
4.61E012
656.9
140.40
0.811
172.70
8.60
54.0
KLB63_3
1
447.6
568.7
4.62E012
581.3
118.44
0.827
142.90
7.10
59.0
153.45
16.67
KLB63_4
1
668.4
414.6
3.68E012
765.9
132.54
0.804
164.40
8.22
55.5
KLB63_5
1
1377.6
697.6
5.27E012
1541.6
109.00
0.789
137.81
6.89
49.5
KLB63_6
1
799.9
491.5
6.29E012
915.4
133.45
0.827
160.98
8.05
63.0
154.40
14.47
KLB64_1
60°47.359'
1
629.0
312.0
1.61E012
702.3
100.46
0.769
130.30
6.51
46.0
KLB64_2
0139°53.252'
1
596.8
309.4
1.50E012
669.5
98.27
0.759
129.13
6.46
42.0
129.70
0.80
KLB68_1
60°45.284'
1
1074.8
190.4
5.45E012
1119.6
100.18
0.713
140.00
7.00
52.0
KLB68_2
0138°49.092'
1
680.4
129.6
2.90E012
710.9
97.82
0.757
128.85
6.44
52.5
134.40
7.88
KLB71_1
60°49.973'
1
792.7
351.7
1.71E012
875.4
104.61
0.755
138.18
6.91
43.5
KLB71_2
0139°56.130'
1
904.2
324.3
1.97E012
980.4
92.74
0.763
121.17
6.06
44.0
129.70
12.00
KLB72_1
60°52.453'
1
774.2
302.2
5.40E014
845.2
5.03
0.771
6.52
0.33
35.5
KLB72_2
0140°00.863'
1
612.4
322.8
2.46E014
688.2
3.03
0.804
3.76
0.19
37.0
5.10
1.95
KLB73_1
60°56.332'
1
161.4
70.8
2.23E014
178.1
2.60
0.824
3.16
0.16
61.5
KLB73_2
0140°07.800'
1
130.0
37.6
1.91E014
138.9
1.87
0.850
2.20
0.11
74.5
KLB73_3
1
109.5
54.5
1.77E014
122.3
2.79
0.830
3.36
0.17
65.0
2.90
0.62
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Sam
ple'ID
Lat./Long.
N
'Grains
U
Th
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
m
w
ar
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB75_1
61°08.061'
1
1024.9
362.7
1.04E013
1110.2
5.28
0.744
7.09
0.35
40.0
KLB75_2
0140°13.652'
1
351.9
119.8
2.73E014
380.1
3.52
0.768
4.58
0.23
47.5
KLB75_3
1
108.4
48.6
1.93E014
119.9
21.22
0.676
31.35
1.57
34.0
PPP
PPP
KLB84_1
61°03.596'
1
1395.0
430.7
7.07E012
1496.2
121.82
0.802
151.49
7.57
51.5
KLB84_2
0139°15.793'
1
1992.4
466.4
3.94E012
2102.0
98.28
0.749
130.83
6.54
40.5
141.20
14.61
KLB86_1
60°57.451'
1
6436.1
770.4
7.59E012
6617.1
36.57
0.781
46.78
2.34
45.0
KLB86_2
0138°02.460'
1
3546.2
606.9
7.16E012
3688.8
45.22
0.796
56.75
2.84
47.5
51.80
7.05
KLB88_1
60°59.687'
1
114.1
36.2
7.88E014
122.6
69.83
0.691
100.78
5.04
34.5
KLB88_2
0138°27.706'
1
122.2
37.3
5.41E014
131.0
61.50
0.652
94.06
4.70
30.0
97.40
4.80
KLB91_1
60°24.516'
1
136.6
55.8
3.77E013
149.7
57.09
0.810
70.40
3.52
54.0
KLB91_2
0137°02.964'
1
146.0
49.9
7.93E013
157.7
57.43
0.854
67.19
3.36
72.5
KLB91_3
1
356.0
166.0
1.24E012
395.0
70.22
0.816
85.94
4.30
57.5
74.50
10.03
KLB98_1
60°02.805'
1
835.4
117.5
1.55E012
863.0
42.34
0.813
52.03
2.60
55.5
KLB98_2
0136°53.029'
1
530.8
96.6
1.51E012
553.5
53.72
0.825
65.05
3.25
60.0
KLB98_3
1
385.4
92.8
1.30E012
407.2
54.03
0.831
64.95
3.25
61.0
60.70
7.48
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Sam
ple'ID
Lat./Long.
N
'Grains
U
Th
He
eU
Raw
'Age
Ft'Factor
Corr.'Age
Abs.'Err.
m
w
ar
M
ean'Age'
Abs.'Err.'
(ppm
)
(ppm
)
(m
ol)
(ppm
)
(M
a)
(M
a)
(M
a)
'(μm
)
(M
a)
(M
a)
KLB100_1
61°05.048'
1
1395.6
285.3
3.01E013
1462.6
11.74
0.716
16.39
0.82
33.5
KLB100_2
0138°33.220'
1
958.2
130.3
1.67E013
988.8
12.14
0.711
17.06
0.85
34.0
KLB100_3
1
1666.3
87.2
2.66E013
1686.8
8.58
0.749
11.45
0.57
40.5
15.00
3.06
KLB107_1
61°33.921'
1
1413.3
132.8
8.77E013
1444.5
29.12
0.784
37.11
1.86
41.5
KLB107_2
0139°21.647'
1
1149.3
174.7
1.14E012
1190.4
33.10
0.751
44.03
2.20
42.5
KLB107_3
1
1398.5
198.1
1.71E012
1445.1
28.56
0.804
35.50
1.77
51.0
38.90
4.53
*5Single5grain5age5not5included5in5m
ean5age5calculation
m
w
ar5=5m
ass0w
eighted5average5radius
+51σ5error5based5on5lab5reproducibility
Ft5factor5=5alpha5ejection5correction5factor5(Farley5et5al.,51996)
0005M
ean5age5is5not5calculated5due5to5w
ide5range5of5single5grain5ages
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Sample:(KLB_05
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N(60°48.851'777W7137°29.378' Elevation:(6817m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 42 88 40 1.050E+06 2.200E+06 58.28 ± 11.35
2 26 100 50 5.200E+05 2.000E+06 31.81 ± 7.20
3 51 148 100 5.100E+05 1.480E+06 42.13 ± 7.19
4 15 38 70 2.143E+05 5.429E+05 48.24 ± 14.93
5 18 63 70 2.571E+05 9.000E+05 34.95 ± 9.52
6 6 19 50 1.200E+05 3.800E+05 38.62 ± 18.20
7 8 25 24 3.333E+05 1.042E+06 39.13 ± 16.03
8 22 44 36 6.111E+05 1.222E+06 61.04 ± 16.26
9 43 91 64 6.719E+05 1.422E+06 57.70 ± 11.10
10 47 125 64 7.344E+05 1.953E+06 45.96 ± 8.22
11 92 242 100 9.200E+05 2.420E+06 46.46 ± 6.19
12 16 43 48 3.333E+05 8.958E+05 45.48 ± 13.53
13 38 86 80 4.750E+05 1.075E+06 53.97 ± 10.89
14 21 48 40 5.250E+05 1.200E+06 53.44 ± 14.26
15 60 145 42 1.429E+06 3.452E+06 50.56 ± 8.20
16 20 44 40 5.000E+05 1.100E+06 55.52 ± 15.25
17 65 160 64 1.016E+06 2.500E+06 49.64 ± 7.75
18 29 61 36 8.056E+05 1.694E+06 58.05 ± 13.44
19 71 195 100 7.100E+05 1.950E+06 44.51 ± 6.60
20 19 56 40 4.750E+05 1.400E+06 41.48 ± 11.23
21 101 241 100 1.010E+06 2.410E+06 51.20 ± 6.64
22 25 43 60 4.167E+05 7.167E+05 70.92 ± 18.22
23 13 27 32 4.063E+05 8.438E+05 58.79 ± 20.08
24 62 135 70 8.857E+05 1.929E+06 56.09 ± 9.09
25 26 56 42 6.190E+05 1.333E+06 56.70 ± 13.78
Sum 936 2323 1462 6.402E+05 1.589E+06
Area(=(1.00EP06(cm2
χ2(=(15.61
P(χ2)(=(90.17%
ρD(=(1029565(cmP2
ND(=(4843
Pooled(Age(=(49.27±73.27Ma
Mean(Age(=(50.0(±(1.8(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_11
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N(60°06.810'555W5137°55.714' Elevation:(4415m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 50 44 70 7.143E+05 6.286E+05 136.42 ± 29.09
2 32 25 36 8.889E+05 6.944E+05 153.46 ± 41.74
3 44 37 56 7.857E+05 6.607E+05 142.69 ± 32.70
4 67 60 90 7.444E+05 6.667E+05 134.08 ± 24.85
5 41 33 49 8.367E+05 6.735E+05 149.00 ± 35.71
6 86 78 100 8.600E+05 7.800E+05 132.40 ± 21.84
7 52 61 100 5.200E+05 6.100E+05 102.60 ± 20.10
8 45 37 50 9.000E+05 7.400E+05 145.90 ± 33.27
9 56 42 64 8.750E+05 6.563E+05 159.77 ± 33.67
10 40 44 80 5.000E+05 5.500E+05 109.36 ± 24.57
11 48 36 50 9.600E+05 7.200E+05 159.77 ± 36.21
12 76 60 100 7.600E+05 6.000E+05 151.88 ± 27.41
13 60 42 60 1.000E+06 7.000E+05 171.03 ± 35.56
14 44 35 56 7.857E+05 6.250E+05 150.75 ± 35.05
15 74 59 80 9.250E+05 7.375E+05 150.40 ± 27.41
16 56 45 70 8.000E+05 6.429E+05 149.24 ± 30.89
17 36 52 56 6.429E+05 9.286E+05 83.45 ± 18.62
18 49 37 90 5.444E+05 4.111E+05 158.71 ± 35.55
19 42 33 70 6.000E+05 4.714E+05 152.59 ± 36.39
20 66 51 70 9.429E+05 7.286E+05 155.13 ± 30.04
Sum 1064 911 1397 7.616E+05 6.521E+05
Area(=(1.00EP06(cm2
χ2(=(13.68
P(χ2)(=(80.20%
ρD(=(1018348(cmP2
ND(=(4843
Pooled(Age(=(140.25±59.75Ma
Mean(Age(=(142.4(±(4.8(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_41
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N(60°25.661'777W7138°14.570' Elevation:(13837m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 54 54 60 9.000E+05 9.000E+05 117.57 ± 23.45
2 51 68 60 8.500E+05 1.133E+06 88.38 ± 17.02
3 46 39 40 1.150E+06 9.750E+05 138.45 ± 31.00
4 56 46 60 9.333E+05 7.667E+05 142.85 ± 29.40
5 83 103 60 1.383E+06 1.717E+06 94.91 ± 14.86
6 82 65 70 1.171E+06 9.286E+05 147.97 ± 25.77
7 30 31 35 8.571E+05 8.857E+05 113.81 ± 29.75
8 46 73 56 8.214E+05 1.304E+06 74.34 ± 14.53
9 46 48 40 1.150E+06 1.200E+06 112.72 ± 24.00
10 88 101 81 1.086E+06 1.247E+06 102.56 ± 15.89
11 78 90 90 8.667E+05 1.000E+06 102.02 ± 16.67
12 107 106 100 1.070E+06 1.060E+06 118.67 ± 17.41
13 84 109 100 8.400E+05 1.090E+06 90.80 ± 14.02
14 57 100 63 9.048E+05 1.587E+06 67.28 ± 11.71
15 131 141 100 1.310E+06 1.410E+06 109.31 ± 14.45
16 83 114 100 8.300E+05 1.140E+06 85.81 ± 13.17
18 78 114 100 7.800E+05 1.140E+06 80.68 ± 12.59
19 91 94 80 1.138E+06 1.175E+06 113.85 ± 17.78
20 102 134 100 1.020E+06 1.340E+06 89.69 ± 12.69
21 53 76 60 8.833E+05 1.267E+06 82.22 ± 15.33
22 104 112 90 1.156E+06 1.244E+06 109.25 ± 15.94
23 88 95 100 8.800E+05 9.500E+05 108.98 ± 17.11
24 102 118 100 1.020E+06 1.180E+06 101.76 ± 14.76
25 48 57 42 1.143E+06 1.357E+06 99.15 ± 20.11
Sum 1788 2088 1787 1.001E+06 1.168E+06
Area(=(1.00EP06(cm2
χ2(=(31.01
P(χ2)(=(12.26%
ρD(=(995913(cmP2
ND(=(4843
Pooled(Age(=(100.87±76.27Ma
Mean(Age(=(103.9(±(4.2(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_42
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°24.160'222W2138°40.941' Elevation:(17502m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 6 17 35 1.714E+05 4.857E+05 41.27 ± 19.72
2 10 43 60 1.667E+05 7.167E+05 27.23 ± 9.66
3 5 45 48 1.042E+05 9.375E+05 13.02 ± 6.18
4 2 24 42 4.762E+04 5.714E+05 9.77 ± 7.21
5 3 37 54 5.556E+04 6.852E+05 9.51 ± 5.73
6 12 70 100 1.200E+05 7.000E+05 20.08 ± 6.36
7 6 41 60 1.000E+05 6.833E+05 17.15 ± 7.55
8 6 22 40 1.500E+05 5.500E+05 31.92 ± 14.79
9 5 41 54 9.259E+04 7.593E+05 14.29 ± 6.81
10 10 48 90 1.111E+05 5.333E+05 24.39 ± 8.58
11 8 73 80 1.000E+05 9.125E+05 12.84 ± 4.83
12 10 127 100 1.000E+05 1.270E+06 9.23 ± 3.07
13 3 51 50 6.000E+04 1.020E+06 6.90 ± 4.11
14 3 30 50 6.000E+04 6.000E+05 11.72 ± 7.12
15 10 56 100 1.000E+05 5.600E+05 20.92 ± 7.26
16 9 98 100 9.000E+04 9.800E+05 10.76 ± 3.79
17 1 15 20 5.000E+04 7.500E+05 7.82 ± 8.08
18 12 39 60 2.000E+05 6.500E+05 36.00 ± 12.03
19 4 65 63 6.349E+04 1.032E+06 7.22 ± 3.74
20 8 60 80 1.000E+05 7.500E+05 15.62 ± 5.94
21 15 78 100 1.500E+05 7.800E+05 22.52 ± 6.46
22 17 69 100 1.700E+05 6.900E+05 28.84 ± 7.95
23 6 59 70 8.571E+04 8.429E+05 11.92 ± 5.15
24 4 50 50 8.000E+04 1.000E+06 9.38 ± 4.90
25 5 55 60 8.333E+04 9.167E+05 10.66 ± 5.01
26 10 49 60 1.667E+05 8.167E+05 23.90 ± 8.39
27 7 51 70 1.000E+05 7.286E+05 16.08 ± 6.54
28 4 35 40 1.000E+05 8.750E+05 13.39 ± 7.10
29 3 32 35 8.571E+04 9.143E+05 10.99 ± 6.66
30 4 33 35 1.143E+05 9.429E+05 14.20 ± 7.56
31 5 68 70 7.143E+04 9.714E+05 8.62 ± 4.02
32 7 47 63 1.111E+05 7.460E+05 17.45 ± 7.13
33 4 26 36 1.111E+05 7.222E+05 18.02 ± 9.73
34 2 34 40 5.000E+04 8.500E+05 6.90 ± 5.03
35 8 51 60 1.333E+05 8.500E+05 18.38 ± 7.05
Sum 234 1739 2175 1.076E+05 7.995E+05
Area(=(1.00EP06(cm2
χ2(=(44.10
P(χ2)(=(11.51%
ρD(=(984695(cmP2
ND(=(4843
Pooled(Age(=(15.82±21.42Ma
Mean(Age(=(16.5(±(1.4(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_43
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°24.220'222W2138°45.982' Elevation:(22252m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 6 52 35 1.714E+05 1.486E+06 13.37 ± 5.81
2 1 24 30 3.333E+04 8.000E+05 4.83 ± 4.94
3 3 13 24 1.250E+05 5.417E+05 26.71 ± 17.16
4 5 18 28 1.786E+05 6.429E+05 32.14 ± 16.33
5 9 72 56 1.607E+05 1.286E+06 14.48 ± 5.18
6 2 87 30 6.667E+04 2.900E+06 2.67 ± 1.91
7 3 14 18 1.667E+05 7.778E+05 24.81 ± 15.83
8 1 21 42 2.381E+04 5.000E+05 5.52 ± 5.66
9 5 47 48 1.042E+05 9.792E+05 12.33 ± 5.83
10 4 33 15 2.667E+05 2.200E+06 14.04 ± 7.47
11 4 17 40 1.000E+05 4.250E+05 27.23 ± 15.20
12 3 14 20 1.500E+05 7.000E+05 24.81 ± 15.83
13 2 40 50 4.000E+04 8.000E+05 5.80 ± 4.21
14 3 21 35 8.571E+04 6.000E+05 16.55 ± 10.25
15 1 18 28 3.571E+04 6.429E+05 6.44 ± 6.63
16 2 30 36 5.556E+04 8.333E+05 7.73 ± 5.66
17 3 11 18 1.667E+05 6.111E+05 31.55 ± 20.62
18 2 33 20 1.000E+05 1.650E+06 7.03 ± 5.13
19 3 42 28 1.071E+05 1.500E+06 8.28 ± 4.97
20 4 12 25 1.600E+05 4.800E+05 38.54 ± 22.35
21 1 40 24 4.167E+04 1.667E+06 2.90 ± 2.94
22 0 22 30 0.000E+00 7.333E+05 0.00 ± 0.00
23 1 5 15 6.667E+04 3.333E+05 23.15 ± 25.39
24 2 13 25 8.000E+04 5.200E+05 17.82 ± 13.57
25 6 24 24 2.500E+05 1.000E+06 28.93 ± 13.29
26 6 37 45 1.333E+05 8.222E+05 18.78 ± 8.32
27 3 34 20 1.500E+05 1.700E+06 10.23 ± 6.18
28 0 11 21 0.000E+00 5.238E+05 0.00 ± 0.00
29 4 22 18 2.222E+05 1.222E+06 21.05 ± 11.50
30 3 43 24 1.250E+05 1.792E+06 8.09 ± 4.85
Sum 92 870 872 1.055E+05 9.977E+05
Area(=(1.00EP06(cm2
χ2(=(40.36
P(χ2)(=(7.83%
ρD(=(973478(cmP2
ND(=(4843
Pooled(Age(=(12.32±21.52Ma
Mean(Age(=(15.2(±(1.9(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_47
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°25.811'222W2139°32.713' Elevation:(17092m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 2 61 42 4.762E+04 1.452E+06 3.76 ± 2.71
2 2 26 40 5.000E+04 6.500E+05 8.81 ± 6.48
3 3 62 28 1.071E+05 2.214E+06 5.54 ± 3.29
4 1 25 30 3.333E+04 8.333E+05 4.58 ± 4.68
5 1 19 16 6.250E+04 1.188E+06 6.03 ± 6.20
6 0 15 25 0.000E+00 6.000E+05 0.00 ± 0.00
7 1 32 32 3.125E+04 1.000E+06 3.58 ± 3.64
8 1 24 30 3.333E+04 8.000E+05 4.78 ± 4.88
9 3 42 40 7.500E+04 1.050E+06 8.18 ± 4.91
10 2 45 54 3.704E+04 8.333E+05 5.09 ± 3.69
11 1 78 90 1.111E+04 8.667E+05 1.47 ± 1.48
12 1 19 30 3.333E+04 6.333E+05 6.03 ± 6.20
13 2 18 24 8.333E+04 7.500E+05 12.73 ± 9.51
14 0 22 70 0.000E+00 3.143E+05 0.00 ± 0.00
15 1 15 35 2.857E+04 4.286E+05 7.64 ± 7.90
16 1 43 60 1.667E+04 7.167E+05 2.67 ± 2.70
17 0 13 36 0.000E+00 3.611E+05 0.00 ± 0.00
18 1 20 30 3.333E+04 6.667E+05 5.73 ± 5.88
19 2 72 64 3.125E+04 1.125E+06 3.18 ± 2.29
20 0 14 32 0.000E+00 4.375E+05 0.00 ± 0.00
21 2 69 36 5.556E+04 1.917E+06 3.32 ± 2.39
22 0 23 25 0.000E+00 9.200E+05 0.00 ± 0.00
23 1 29 56 1.786E+04 5.179E+05 3.95 ± 4.02
24 1 40 40 2.500E+04 1.000E+06 2.87 ± 2.90
25 4 44 90 4.444E+04 4.889E+05 10.41 ± 5.47
26 1 31 50 2.000E+04 6.200E+05 3.70 ± 3.76
27 2 22 30 6.667E+04 7.333E+05 10.41 ± 7.71
28 2 25 32 6.250E+04 7.813E+05 9.16 ± 6.75
29 1 44 100 1.000E+04 4.400E+05 2.61 ± 2.64
30 3 72 30 1.000E+05 2.400E+06 4.78 ± 2.82
31 1 21 40 2.500E+04 5.250E+05 5.46 ± 5.59
32 0 21 36 0.000E+00 5.833E+05 0.00 ± 0.00
33 1 23 60 1.667E+04 3.833E+05 4.98 ± 5.10
34 3 68 100 3.000E+04 6.800E+05 5.06 ± 2.99
35 1 47 90 1.111E+04 5.222E+05 2.44 ± 2.47
Sum 48 1244 1623 2.957E+04 7.665E+05
Area(=(1.00EP06(cm2
χ2(=(17.48
P(χ2)(=(99.15%
ρD(=(962260(cmP2
ND(=(4843
Pooled(Age(=(4.42±20.72Ma
Mean(Age(=(4.5(±(0.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_51
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°26.418'111W1139°55.182' Elevation:(21031m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 15 326 100 1.500E+05 3.260E+06 5.21 ± 1.40
2 12 221 56 2.143E+05 3.946E+06 6.15 ± 1.85
3 9 177 49 1.837E+05 3.612E+06 5.76 ± 1.99
4 22 383 100 2.200E+05 3.830E+06 6.51 ± 1.47
5 19 372 72 2.639E+05 5.167E+06 5.78 ± 1.39
6 20 471 90 2.222E+05 5.233E+06 4.81 ± 1.13
7 20 444 100 2.000E+05 4.440E+06 5.10 ± 1.20
8 13 419 90 1.444E+05 4.656E+06 3.51 ± 1.01
9 18 234 63 2.857E+05 3.714E+06 8.71 ± 2.18
10 7 307 80 8.750E+04 3.838E+06 2.58 ± 1.00
11 12 182 48 2.500E+05 3.792E+06 7.47 ± 2.26
12 14 230 64 2.188E+05 3.594E+06 6.89 ± 1.93
13 8 104 36 2.222E+05 2.889E+06 8.71 ± 3.23
14 10 123 63 1.587E+05 1.952E+06 9.21 ± 3.07
15 21 200 42 5.000E+05 4.762E+06 11.89 ± 2.80
16 11 144 40 2.750E+05 3.600E+06 8.65 ± 2.74
17 9 95 20 4.500E+05 4.750E+06 10.73 ± 3.78
18 7 146 35 2.000E+05 4.171E+06 5.43 ± 2.12
19 13 253 56 2.321E+05 4.518E+06 5.82 ± 1.68
20 14 310 63 2.222E+05 4.921E+06 5.12 ± 1.42
21 7 132 64 1.094E+05 2.063E+06 6.01 ± 2.35
22 23 374 80 2.875E+05 4.675E+06 6.96 ± 1.54
23 10 195 35 2.857E+05 5.571E+06 5.81 ± 1.91
24 14 224 60 2.333E+05 3.733E+06 7.08 ± 1.98
25 11 175 48 2.292E+05 3.646E+06 7.12 ± 2.24
26 14 341 80 1.750E+05 4.263E+06 4.65 ± 1.29
27 14 318 56 2.500E+05 5.679E+06 4.99 ± 1.39
28 15 251 54 2.778E+05 4.648E+06 6.77 ± 1.83
29 7 158 48 1.458E+05 3.292E+06 5.02 ± 1.96
30 9 303 56 1.607E+05 5.411E+06 3.36 ± 1.15
31 12 207 60 2.000E+05 3.450E+06 6.57 ± 1.98
32 16 217 60 2.667E+05 3.617E+06 8.35 ± 2.21
33 8 180 64 1.250E+05 2.813E+06 5.03 ± 1.84
34 16 227 64 2.500E+05 3.547E+06 7.98 ± 2.11
35 15 297 70 2.143E+05 4.243E+06 5.72 ± 1.54
Sum 465 8740 2166 2.147E+05 4.035E+06
Area(=(1.00EP06(cm2
χ2(=(39.59
P(χ2)(=(23.46%
ρD(=(951043(cmP2
ND(=(4843
Pooled(Age(=(6.01±10.41Ma
Mean(Age(=(6.4(±(0.3(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_52
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°26.591'222W2139°57.523' Elevation:(19962m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 4 49 100 4.000E+04 4.900E+05 9.13 ± 4.77
2 2 11 50 4.000E+04 2.200E+05 20.33 ± 15.66
3 0 6 24 0.000E+00 2.500E+05 0.00 ± 0.00
4 1 31 20 5.000E+04 1.550E+06 3.61 ± 3.67
5 3 12 28 1.071E+05 4.286E+05 27.93 ± 18.09
6 1 10 45 2.222E+04 2.222E+05 11.19 ± 11.75
7 1 7 36 2.778E+04 1.944E+05 15.98 ± 17.10
8 5 13 100 5.000E+04 1.300E+05 42.92 ± 22.70
9 3 15 80 3.750E+04 1.875E+05 22.36 ± 14.19
10 2 20 40 5.000E+04 5.000E+05 11.19 ± 8.32
11 1 16 40 2.500E+04 4.000E+05 6.99 ± 7.22
12 0 9 42 0.000E+00 2.143E+05 0.00 ± 0.00
13 2 12 42 4.762E+04 2.857E+05 18.63 ± 14.27
14 4 23 100 4.000E+04 2.300E+05 19.44 ± 10.58
15 2 15 70 2.857E+04 2.143E+05 14.91 ± 11.25
16 2 10 54 3.704E+04 1.852E+05 22.36 ± 17.36
17 3 14 80 3.750E+04 1.750E+05 23.95 ± 15.29
18 2 15 70 2.857E+04 2.143E+05 14.91 ± 11.25
19 2 33 40 5.000E+04 8.250E+05 6.78 ± 4.95
20 1 21 100 1.000E+04 2.100E+05 5.33 ± 5.46
21 2 12 72 2.778E+04 1.667E+05 18.63 ± 14.27
22 1 11 100 1.000E+04 1.100E+05 10.17 ± 10.64
23 3 11 56 5.357E+04 1.964E+05 30.47 ± 19.91
24 2 15 50 4.000E+04 3.000E+05 14.91 ± 11.25
25 2 11 56 3.571E+04 1.964E+05 20.33 ± 15.66
26 2 39 64 3.125E+04 6.094E+05 5.74 ± 4.17
27 2 16 90 2.222E+04 1.778E+05 13.98 ± 10.51
28 1 5 70 1.429E+04 7.143E+04 22.36 ± 24.52
29 4 14 100 4.000E+04 1.400E+05 31.91 ± 18.17
30 1 8 35 2.857E+04 2.286E+05 13.98 ± 14.85
31 1 5 50 2.000E+04 1.000E+05 22.36 ± 24.52
32 1 5 28 3.571E+04 1.786E+05 22.36 ± 24.52
33 2 7 45 4.444E+04 1.556E+05 31.91 ± 25.64
34 3 18 80 3.750E+04 2.250E+05 18.63 ± 11.66
35 3 14 49 6.122E+04 2.857E+05 23.95 ± 15.29
Sum 71 533 2106 3.371E+04 2.531E+05
Area(=(1.00EP06(cm2
χ2(=(23.03
P(χ2)(=(92.30%
ρD(=(939825(cmP2
ND(=(4843
Pooled(Age(=(14.92±22.02Ma
Mean(Age(=(17.1(±(1.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
78
Sample:(KLB_53
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°29.184'222W2140°00.709' Elevation:(20832m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 1 4 70 1.429E+04 5.714E+04 27.60 ± 30.89
2 6 28 28 2.143E+05 1.000E+06 23.66 ± 10.72
3 7 28 15 4.667E+05 1.867E+06 27.60 ± 11.75
4 3 28 18 1.667E+05 1.556E+06 11.84 ± 7.22
5 5 68 45 1.111E+05 1.511E+06 8.13 ± 3.79
6 2 11 40 5.000E+04 2.750E+05 20.08 ± 15.47
7 6 37 32 1.875E+05 1.156E+06 17.92 ± 7.94
8 0 31 12 0.000E+00 2.583E+06 0.00 ± 0.00
9 6 35 25 2.400E+05 1.400E+06 18.94 ± 8.43
10 12 86 30 4.000E+05 2.867E+06 15.42 ± 4.82
11 5 13 48 1.042E+05 2.708E+05 42.41 ± 22.43
12 3 17 54 5.556E+04 3.148E+05 19.49 ± 12.25
13 8 16 16 5.000E+05 1.000E+06 55.08 ± 24.03
14 4 18 18 2.222E+05 1.000E+06 24.54 ± 13.63
15 3 19 12 2.500E+05 1.583E+06 17.44 ± 10.88
16 3 18 16 1.875E+05 1.125E+06 18.41 ± 11.52
17 0 5 35 0.000E+00 1.429E+05 0.00 ± 0.00
18 0 4 40 0.000E+00 1.000E+05 0.00 ± 0.00
19 6 29 20 3.000E+05 1.450E+06 22.85 ± 10.32
20 0 1 30 0.000E+00 3.333E+04 0.00 ± 0.00
21 8 36 54 1.481E+05 6.667E+05 24.54 ± 9.68
22 1 8 12 8.333E+04 6.667E+05 13.81 ± 14.67
23 2 6 70 2.857E+04 8.571E+04 36.77 ± 30.09
24 2 7 30 6.667E+04 2.333E+05 31.53 ± 25.34
25 0 8 63 0.000E+00 1.270E+05 0.00 ± 0.00
26 1 10 50 2.000E+04 2.000E+05 11.05 ± 11.61
27 1 5 16 6.250E+04 3.125E+05 22.09 ± 24.22
28 0 1 45 0.000E+00 2.222E+04 0.00 ± 0.00
29 4 20 21 1.905E+05 9.524E+05 22.09 ± 12.15
30 1 1 40 2.500E+04 2.500E+04 109.70 ± 155.24
31 0 6 56 0.000E+00 1.071E+05 0.00 ± 0.00
32 5 40 24 2.083E+05 1.667E+06 13.81 ± 6.59
33 0 1 100 0.000E+00 1.000E+04 0.00 ± 0.00
34 2 6 72 2.778E+04 8.333E+04 36.77 ± 30.09
35 2 20 70 2.857E+04 2.857E+05 11.05 ± 8.22
Sum 109 671 1327 8.214E+04 5.057E+05
Area(=(1.00EP06(cm2
χ2(=(31.80
P(χ2)(=(57.60%
ρD(=(928608(cmP2
ND(=(4843
Pooled(Age(=(18.02±22.12Ma
Mean(Age(=(20.1(±(3.5(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_54
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°30.398'222W2140°01.380' Elevation:(20822m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 1 20 50 2.000E+04 4.000E+05 5.46 ± 5.60
2 3 19 36 8.333E+04 5.278E+05 17.23 ± 10.75
3 5 44 32 1.563E+05 1.375E+06 12.41 ± 5.89
4 3 36 40 7.500E+04 9.000E+05 9.10 ± 5.49
5 5 87 40 1.250E+05 2.175E+06 6.28 ± 2.91
6 1 16 30 3.333E+04 5.333E+05 6.83 ± 7.05
7 1 60 63 1.587E+04 9.524E+05 1.82 ± 1.84
8 5 48 50 1.000E+05 9.600E+05 11.38 ± 5.38
9 8 28 70 1.143E+05 4.000E+05 31.15 ± 12.60
10 5 49 45 1.111E+05 1.089E+06 11.14 ± 5.26
11 4 22 35 1.143E+05 6.286E+05 19.84 ± 10.84
12 4 31 40 1.000E+05 7.750E+05 14.09 ± 7.52
13 1 11 36 2.778E+04 3.056E+05 9.93 ± 10.38
14 3 46 40 7.500E+04 1.150E+06 7.12 ± 4.26
15 4 37 70 5.714E+04 5.286E+05 11.81 ± 6.24
16 3 34 35 8.571E+04 9.714E+05 9.64 ± 5.83
17 2 22 30 6.667E+04 7.333E+05 9.93 ± 7.35
18 3 9 70 4.286E+04 1.286E+05 36.33 ± 24.29
19 6 115 80 7.500E+04 1.438E+06 5.70 ± 2.41
20 1 13 24 4.167E+04 5.417E+05 8.40 ± 8.73
21 2 9 24 8.333E+04 3.750E+05 24.24 ± 18.99
22 4 69 70 5.714E+04 9.857E+05 6.33 ± 3.27
23 2 26 42 4.762E+04 6.190E+05 8.40 ± 6.18
24 1 27 35 2.857E+04 7.714E+05 4.05 ± 4.13
25 2 13 35 5.714E+04 3.714E+05 16.79 ± 12.79
26 0 11 42 0.000E+00 2.619E+05 0.00 ± 0.00
27 1 13 18 5.556E+04 7.222E+05 8.40 ± 8.73
28 0 10 64 0.000E+00 1.563E+05 0.00 ± 0.00
29 0 9 18 0.000E+00 5.000E+05 0.00 ± 0.00
30 6 63 40 1.500E+05 1.575E+06 10.40 ± 4.48
31 7 70 70 1.000E+05 1.000E+06 10.92 ± 4.37
32 2 14 20 1.000E+05 7.000E+05 15.60 ± 11.82
33 2 19 35 5.714E+04 5.429E+05 11.49 ± 8.57
34 3 24 100 3.000E+04 2.400E+05 13.65 ± 8.39
35 1 17 36 2.778E+04 4.722E+05 6.43 ± 6.62
Sum 101 1141 1565 6.454E+04 7.291E+05
Area(=(1.00EP06(cm2
χ2(=(31.98
P(χ2)(=(56.69%
ρD(=(917390(cmP2
ND(=(4843
Pooled(Age(=(9.72±21.12Ma
Mean(Age(=(10.9(±(1.3(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_55
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°32.983'111W1140°05.940' Elevation:(23091m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 1 15 35 2.857E+04 4.286E+05 7.19 ± 7.44
2 2 15 63 3.175E+04 2.381E+05 14.38 ± 10.85
3 5 44 50 1.000E+05 8.800E+05 12.26 ± 5.82
4 3 7 60 5.000E+04 1.167E+05 46.10 ± 31.91
5 2 30 60 3.333E+04 5.000E+05 7.19 ± 5.27
6 3 31 42 7.143E+04 7.381E+05 10.44 ± 6.34
7 6 60 100 6.000E+04 6.000E+05 10.79 ± 4.65
8 4 34 70 5.714E+04 4.857E+05 12.69 ± 6.74
9 2 15 90 2.222E+04 1.667E+05 14.38 ± 10.85
10 8 45 80 1.000E+05 5.625E+05 19.16 ± 7.42
11 3 13 28 1.071E+05 4.643E+05 24.87 ± 15.98
12 5 25 70 7.143E+04 3.571E+05 21.56 ± 10.62
13 5 21 100 5.000E+04 2.100E+05 25.65 ± 12.84
14 2 25 70 2.857E+04 3.571E+05 8.63 ± 6.36
15 4 18 42 9.524E+04 4.286E+05 23.95 ± 13.30
16 5 29 100 5.000E+04 2.900E+05 18.59 ± 9.05
17 6 27 70 8.571E+04 3.857E+05 23.95 ± 10.88
18 2 13 100 2.000E+04 1.300E+05 16.59 ± 12.63
19 1 22 49 2.041E+04 4.490E+05 4.91 ± 5.02
20 2 15 24 8.333E+04 6.250E+05 14.38 ± 10.85
21 2 9 40 5.000E+04 2.250E+05 23.95 ± 18.76
22 1 13 35 2.857E+04 3.714E+05 8.30 ± 8.62
23 2 31 80 2.500E+04 3.875E+05 6.96 ± 5.09
24 2 10 30 6.667E+04 3.333E+05 21.56 ± 16.74
25 3 41 100 3.000E+04 4.100E+05 7.89 ± 4.74
26 3 17 45 6.667E+04 3.778E+05 19.02 ± 11.95
27 5 40 63 7.937E+04 6.349E+05 13.48 ± 6.43
28 6 29 100 6.000E+04 2.900E+05 22.30 ± 10.07
29 2 33 60 3.333E+04 5.500E+05 6.54 ± 4.77
30 14 61 100 1.400E+05 6.100E+05 24.73 ± 7.44
31 7 60 100 7.000E+04 6.000E+05 12.58 ± 5.07
32 2 21 63 3.175E+04 3.333E+05 10.27 ± 7.62
33 2 17 60 3.333E+04 2.833E+05 12.69 ± 9.51
34 1 13 28 3.571E+04 4.643E+05 8.30 ± 8.62
35 1 35 60 1.667E+04 5.833E+05 3.08 ± 3.13
Sum 124 934 2267 5.470E+04 4.120E+05
Area(=(1.00EP06(cm2
χ2(=(25.61
P(χ2)(=(84.93%
ρD(=(906173(cmP2
ND(=(4843
Pooled(Age(=(14.31±11.61Ma
Mean(Age(=(15.4(±(1.4(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_57
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°33.302'222W2139°53.854' Elevation:(20382m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 10 62 60 1.667E+05 1.033E+06 17.17 ± 5.92
2 8 82 60 1.333E+05 1.367E+06 10.39 ± 3.89
3 13 122 48 2.708E+05 2.542E+06 11.35 ± 3.36
4 11 54 40 2.750E+05 1.350E+06 21.68 ± 7.26
5 10 89 60 1.667E+05 1.483E+06 11.97 ± 4.04
6 8 44 18 4.444E+05 2.444E+06 19.36 ± 7.51
7 9 64 35 2.571E+05 1.829E+06 14.98 ± 5.39
8 10 89 50 2.000E+05 1.780E+06 11.97 ± 4.04
9 9 65 35 2.571E+05 1.857E+06 14.75 ± 5.30
10 11 112 60 1.833E+05 1.867E+06 10.46 ± 3.35
11 11 113 42 2.619E+05 2.690E+06 10.37 ± 3.32
12 8 87 60 1.333E+05 1.450E+06 9.80 ± 3.66
13 11 89 56 1.964E+05 1.589E+06 13.16 ± 4.26
14 6 42 28 2.143E+05 1.500E+06 15.21 ± 6.69
15 13 104 70 1.857E+05 1.486E+06 13.31 ± 3.98
16 7 55 30 2.333E+05 1.833E+06 13.56 ± 5.49
17 16 154 100 1.600E+05 1.540E+06 11.07 ± 2.96
18 17 91 80 2.125E+05 1.138E+06 19.89 ± 5.36
19 10 71 70 1.429E+05 1.014E+06 15.00 ± 5.13
20 7 77 35 2.000E+05 2.200E+06 9.69 ± 3.86
21 8 59 45 1.778E+05 1.311E+06 14.44 ± 5.49
22 13 62 35 3.714E+05 1.771E+06 22.32 ± 6.91
23 9 82 72 1.250E+05 1.139E+06 11.69 ± 4.15
24 11 66 27 4.074E+05 2.444E+06 17.75 ± 5.85
25 12 35 24 5.000E+05 1.458E+06 36.45 ± 12.34
26 14 95 70 2.000E+05 1.357E+06 15.69 ± 4.57
27 6 61 40 1.500E+05 1.525E+06 10.48 ± 4.52
28 15 123 32 4.688E+05 3.844E+06 12.99 ± 3.62
29 12 88 28 4.286E+05 3.143E+06 14.52 ± 4.53
30 13 98 60 2.167E+05 1.633E+06 14.13 ± 4.24
31 5 53 28 1.786E+05 1.893E+06 10.05 ± 4.73
32 11 73 30 3.667E+05 2.433E+06 16.05 ± 5.26
33 9 52 18 5.000E+05 2.889E+06 18.43 ± 6.72
34 15 77 45 3.333E+05 1.711E+06 20.74 ± 5.95
35 12 61 36 3.333E+05 1.694E+06 20.94 ± 6.70
Sum 370 2751 1627 2.274E+05 1.691E+06
Area(=(1.00EP06(cm2
χ2(=(27.87
P(χ2)(=(76.16%
ρD(=(894955(cmP2
ND(=(4843
Pooled(Age(=(14.32±21.12Ma
Mean(Age(=(15.2(±(0.9(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_58
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°35.235'222W2139°54.138' Elevation:(21952m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 19 67 54 3.519E+05 1.241E+06 29.79 ± 7.90
2 4 17 25 1.600E+05 6.800E+05 24.73 ± 13.80
3 9 24 70 1.286E+05 3.429E+05 39.36 ± 15.52
4 13 40 36 3.611E+05 1.111E+06 34.13 ± 11.04
5 10 25 40 2.500E+05 6.250E+05 41.98 ± 15.86
6 12 80 56 2.143E+05 1.429E+06 15.77 ± 4.95
7 13 63 54 2.407E+05 1.167E+06 21.69 ± 6.70
8 9 34 30 3.000E+05 1.133E+06 27.81 ± 10.53
9 13 31 40 3.250E+05 7.750E+05 44.00 ± 14.72
10 12 38 28 4.286E+05 1.357E+06 33.16 ± 11.12
11 14 43 40 3.500E+05 1.075E+06 34.19 ± 10.67
12 10 26 30 3.333E+05 8.667E+05 40.37 ± 15.17
13 15 46 56 2.679E+05 8.214E+05 34.24 ± 10.34
14 34 97 49 6.939E+05 1.980E+06 36.80 ± 7.58
15 14 42 60 2.333E+05 7.000E+05 35.00 ± 10.96
16 12 32 70 1.714E+05 4.571E+05 39.36 ± 13.48
17 16 50 60 2.667E+05 8.333E+05 33.60 ± 9.81
18 12 37 63 1.905E+05 5.873E+05 34.06 ± 11.45
19 8 35 36 2.222E+05 9.722E+05 24.02 ± 9.50
20 15 51 64 2.344E+05 7.969E+05 30.89 ± 9.22
21 10 48 50 2.000E+05 9.600E+05 21.90 ± 7.70
22 11 31 36 3.056E+05 8.611E+05 37.25 ± 13.22
23 10 33 32 3.125E+05 1.031E+06 31.83 ± 11.61
24 15 55 56 2.679E+05 9.821E+05 28.65 ± 8.48
25 11 36 45 2.444E+05 8.000E+05 32.09 ± 11.18
26 7 19 32 2.188E+05 5.938E+05 38.67 ± 17.22
27 7 23 35 2.000E+05 6.571E+05 31.96 ± 13.90
28 10 24 42 2.381E+05 5.714E+05 43.72 ± 16.62
29 10 39 35 2.857E+05 1.114E+06 26.94 ± 9.65
30 10 26 35 2.857E+05 7.429E+05 40.37 ± 15.17
31 13 34 64 2.031E+05 5.313E+05 40.13 ± 13.25
32 8 25 50 1.600E+05 5.000E+05 33.60 ± 13.76
33 14 45 70 2.000E+05 6.429E+05 32.67 ± 10.14
34 7 20 16 4.375E+05 1.250E+06 36.75 ± 16.25
35 6 18 32 1.875E+05 5.625E+05 35.00 ± 16.60
Sum 413 1354 1591 2.596E+05 8.510E+05
Area(=(1.00EP06(cm2
χ2(=(15.13
P(χ2)(=(99.79%
ρD(=(883738(cmP2
ND(=(4843
Pooled(Age(=(32.02±22.52Ma
Mean(Age(=(33.3(±(1.1(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_59
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°36.459'222W2139°54.565' Elevation:(23492m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 19 25 40 4.750E+05 6.250E+05 78.52 ± 24.25
2 36 55 64 5.625E+05 8.594E+05 67.68 ± 14.94
3 26 45 30 8.667E+05 1.500E+06 59.78 ± 15.06
4 40 75 80 5.000E+05 9.375E+05 55.20 ± 11.19
5 19 50 60 3.167E+05 8.333E+05 39.38 ± 10.81
6 36 67 100 3.600E+05 6.700E+05 55.61 ± 11.86
7 26 59 64 4.063E+05 9.219E+05 45.65 ± 11.01
8 35 91 64 5.469E+05 1.422E+06 39.86 ± 8.20
9 26 54 72 3.611E+05 7.500E+05 49.86 ± 12.19
10 53 116 80 6.625E+05 1.450E+06 47.32 ± 8.23
11 23 50 70 3.286E+05 7.143E+05 47.64 ± 12.26
12 28 61 56 5.000E+05 1.089E+06 47.54 ± 11.13
13 35 51 100 3.500E+05 5.100E+05 70.95 ± 16.01
14 42 74 70 6.000E+05 1.057E+06 58.73 ± 11.76
15 38 97 80 4.750E+05 1.213E+06 40.60 ± 8.06
16 16 58 42 3.810E+05 1.381E+06 28.61 ± 8.22
17 20 47 48 4.167E+05 9.792E+05 44.08 ± 11.99
18 22 46 60 3.667E+05 7.667E+05 49.53 ± 13.10
19 36 63 80 4.500E+05 7.875E+05 59.13 ± 12.74
20 16 28 42 3.810E+05 6.667E+05 59.13 ± 18.79
21 36 66 72 5.000E+05 9.167E+05 56.45 ± 12.07
22 25 51 56 4.464E+05 9.107E+05 50.76 ± 12.67
23 28 70 63 4.444E+05 1.111E+06 41.45 ± 9.52
24 23 48 80 2.875E+05 6.000E+05 49.62 ± 12.85
25 22 45 54 4.074E+05 8.333E+05 50.62 ± 13.43
26 22 43 42 5.238E+05 1.024E+06 52.97 ± 14.16
27 23 40 48 4.792E+05 8.333E+05 59.50 ± 15.88
28 22 44 42 5.238E+05 1.048E+06 51.77 ± 13.79
29 14 31 36 3.889E+05 8.611E+05 46.78 ± 15.26
30 12 34 35 3.429E+05 9.714E+05 36.58 ± 12.43
31 21 46 49 4.286E+05 9.388E+05 47.28 ± 12.70
32 21 39 40 5.250E+05 9.750E+05 55.73 ± 15.37
33 11 27 42 2.619E+05 6.429E+05 42.21 ± 15.26
34 16 31 40 4.000E+05 7.750E+05 53.43 ± 16.68
35 18 33 30 6.000E+05 1.100E+06 56.45 ± 16.80
Sum 906 1860 2031 4.461E+05 9.158E+05
Area(=(1.00EP06(cm2
χ2(=(20.54
P(χ2)(=(96.66%
ρD(=(872521(cmP2
ND(=(4843
Pooled(Age(=(50.42±23.32Ma
Mean(Age(=(51.3(±(1.7(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_60
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°37.899'111W1139°51.947' Elevation:(23561m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 10 13 18 5.556E+05 7.222E+05 78.46 ± 33.26
2 22 23 24 9.167E+05 9.583E+05 97.41 ± 29.50
3 9 9 15 6.000E+05 6.000E+05 101.81 ± 48.29
4 31 33 70 4.429E+05 4.714E+05 95.68 ± 24.45
5 8 10 15 5.333E+05 6.667E+05 81.57 ± 38.93
6 11 13 12 9.167E+05 1.083E+06 86.25 ± 35.62
7 7 10 20 3.500E+05 5.000E+05 71.43 ± 35.40
8 10 10 32 3.125E+05 3.125E+05 101.81 ± 45.84
9 27 34 72 3.750E+05 4.722E+05 80.98 ± 21.30
10 10 13 20 5.000E+05 6.500E+05 78.46 ± 33.26
11 17 24 48 3.542E+05 5.000E+05 72.28 ± 23.22
12 10 13 24 4.167E+05 5.417E+05 78.46 ± 33.26
13 7 11 32 2.188E+05 3.438E+05 64.97 ± 31.60
14 11 19 28 3.929E+05 6.786E+05 59.14 ± 22.62
15 37 43 45 8.222E+05 9.556E+05 87.70 ± 20.20
16 14 15 30 4.667E+05 5.000E+05 95.07 ± 35.68
17 11 12 15 7.333E+05 8.000E+05 93.38 ± 39.29
18 10 8 24 4.167E+05 3.333E+05 127.01 ± 60.61
19 23 25 56 4.107E+05 4.464E+05 93.72 ± 27.52
20 19 18 30 6.333E+05 6.000E+05 107.42 ± 35.78
Sum 304 356 630 4.825E+05 5.651E+05
Area(=(1.00EP06(cm2
χ2(=(3.99
P(χ2)(=(99.99%
ρD(=(861303(cmP2
ND(=(4843
Pooled(Age(=(87.01±18.21Ma
Mean(Age(=(87.7(±(3.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
85
Sample:(KLB_61
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°39.398'111W1139°55.500' Elevation:(22421m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 11 20 36 3.056E+05 5.556E+05 55.46 ± 21.02
2 41 108 48 8.542E+05 2.250E+06 38.33 ± 7.31
3 24 50 42 5.714E+05 1.190E+06 48.43 ± 12.29
4 19 43 70 2.714E+05 6.143E+05 44.60 ± 12.51
5 18 39 70 2.571E+05 5.571E+05 46.58 ± 13.49
6 9 12 35 2.571E+05 3.429E+05 75.52 ± 33.53
7 15 30 36 4.167E+05 8.333E+05 50.44 ± 16.17
8 32 77 56 5.714E+05 1.375E+06 41.95 ± 9.09
9 27 48 56 4.821E+05 8.571E+05 56.72 ± 13.97
10 21 50 49 4.286E+05 1.020E+06 42.40 ± 11.25
11 15 56 40 3.750E+05 1.400E+06 27.07 ± 8.00
12 26 49 80 3.250E+05 6.125E+05 53.52 ± 13.28
13 10 29 42 2.381E+05 6.905E+05 34.83 ± 12.90
14 19 57 100 1.900E+05 5.700E+05 33.67 ± 9.09
15 39 75 100 3.900E+05 7.500E+05 52.45 ± 10.71
16 11 23 36 3.056E+05 6.389E+05 48.26 ± 17.87
17 20 32 48 4.167E+05 6.667E+05 62.99 ± 18.26
18 6 22 25 2.400E+05 8.800E+05 27.56 ± 12.78
19 23 46 56 4.107E+05 8.214E+05 50.44 ± 13.15
20 18 42 64 2.813E+05 6.563E+05 43.26 ± 12.40
21 32 46 100 3.200E+05 4.600E+05 70.07 ± 16.54
22 17 40 42 4.048E+05 9.524E+05 42.90 ± 12.62
23 26 62 64 4.063E+05 9.688E+05 42.33 ± 10.14
24 8 20 25 3.200E+05 8.000E+05 40.38 ± 17.03
25 23 47 64 3.594E+05 7.344E+05 49.37 ± 12.83
26 13 37 42 3.095E+05 8.810E+05 35.49 ± 11.59
27 8 22 25 3.200E+05 8.800E+05 36.72 ± 15.28
28 5 17 28 1.786E+05 6.071E+05 29.72 ± 15.20
29 13 33 49 2.653E+05 6.735E+05 39.77 ± 13.19
30 14 35 64 2.188E+05 5.469E+05 40.38 ± 12.95
31 11 22 25 4.400E+05 8.800E+05 50.44 ± 18.81
32 17 34 30 5.667E+05 1.133E+06 50.44 ± 15.22
33 12 28 24 5.000E+05 1.167E+06 43.26 ± 15.10
34 20 37 48 4.167E+05 7.708E+05 54.51 ± 15.40
35 10 19 28 3.571E+05 6.786E+05 53.09 ± 20.93
Sum 633 1407 1747 3.623E+05 8.054E+05
Area(=(1.00EP06(cm2
χ2(=(19.30
P(χ2)(=(97.98%
ρD(=(850086(cmP2
ND(=(4843
Pooled(Age(=(45.41±13.21Ma
Mean(Age(=(46.1(±(1.8(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
86
Sample:(KLB_62
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°40.237'222W2139°55.870' Elevation:(23712m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 10 8 24 4.167E+05 3.333E+05 123.73 ± 59.05
2 1 8 18 5.556E+04 4.444E+05 12.48 ± 13.25
3 3 11 30 1.000E+05 3.667E+05 27.20 ± 17.77
4 10 20 15 6.667E+05 1.333E+06 49.78 ± 19.46
5 7 13 40 1.750E+05 3.250E+05 53.59 ± 25.28
6 9 14 24 3.750E+05 5.833E+05 63.93 ± 27.52
7 9 15 49 1.837E+05 3.061E+05 59.69 ± 25.36
8 8 15 20 4.000E+05 7.500E+05 53.08 ± 23.41
9 8 9 24 3.333E+05 3.750E+05 88.23 ± 43.12
10 7 20 30 2.333E+05 6.667E+05 34.89 ± 15.43
11 7 12 24 2.917E+05 5.000E+05 58.04 ± 27.77
12 3 7 30 1.000E+05 2.333E+05 42.69 ± 29.54
13 7 21 25 2.800E+05 8.400E+05 33.23 ± 14.61
14 15 17 60 2.500E+05 2.833E+05 87.59 ± 31.37
15 10 19 35 2.857E+05 5.429E+05 52.39 ± 20.65
16 15 35 48 3.125E+05 7.292E+05 42.69 ± 13.36
17 4 10 24 1.667E+05 4.167E+05 39.85 ± 23.67
18 23 46 32 7.188E+05 1.438E+06 49.78 ± 12.98
19 12 38 48 2.500E+05 7.917E+05 31.48 ± 10.56
20 12 20 50 2.400E+05 4.000E+05 59.69 ± 22.02
21 25 42 60 4.167E+05 7.000E+05 59.22 ± 15.28
22 5 7 24 2.083E+05 2.917E+05 71.00 ± 41.74
23 9 14 30 3.000E+05 4.667E+05 63.93 ± 27.52
24 8 20 30 2.667E+05 6.667E+05 39.85 ± 16.80
25 13 20 50 2.600E+05 4.000E+05 64.64 ± 23.28
26 10 15 40 2.500E+05 3.750E+05 66.29 ± 27.28
27 11 21 49 2.245E+05 4.286E+05 52.14 ± 19.60
28 8 20 15 5.333E+05 1.333E+06 39.85 ± 16.80
29 7 17 15 4.667E+05 1.133E+06 41.02 ± 18.55
30 4 9 16 2.500E+05 5.625E+05 44.27 ± 26.70
31 11 22 35 3.143E+05 6.286E+05 49.78 ± 18.57
32 10 13 50 2.000E+05 2.600E+05 76.42 ± 32.39
33 6 12 25 2.400E+05 4.800E+05 49.78 ± 25.03
34 4 20 24 1.667E+05 8.333E+05 19.96 ± 10.98
35 15 34 36 4.167E+05 9.444E+05 43.94 ± 13.81
Sum 326 644 1149 2.837E+05 5.605E+05
Area(=(1.00EP06(cm2
χ2(=(23.03
P(χ2)(=(92.28%
ρD(=(838836(cmP2
ND(=(4843
Pooled(Age(=(50.42±24.32Ma
Mean(Age(=(52.8(±(3.5(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
87
Sample:(KLB_63
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°42.789'222W2139°51.703' Elevation:(23712m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 40 32 50 8.000E+05 6.400E+05 122.09 ± 29.66
2 22 38 40 5.500E+05 9.500E+05 56.84 ± 15.52
3 35 23 30 1.167E+06 7.667E+05 148.33 ± 40.57
4 10 19 30 3.333E+05 6.333E+05 51.69 ± 20.38
5 12 24 24 5.000E+05 1.000E+06 49.12 ± 17.56
6 10 16 18 5.556E+05 8.889E+05 61.34 ± 24.93
7 14 32 36 3.889E+05 8.889E+05 43.00 ± 13.96
8 13 14 16 8.125E+05 8.750E+05 90.92 ± 35.34
9 8 27 25 3.200E+05 1.080E+06 29.15 ± 11.83
10 14 29 36 3.889E+05 8.056E+05 47.43 ± 15.63
11 7 9 15 4.667E+05 6.000E+05 76.24 ± 38.63
12 10 19 20 5.000E+05 9.500E+05 51.69 ± 20.38
13 18 31 32 5.625E+05 9.688E+05 57.00 ± 17.15
14 17 20 16 1.063E+06 1.250E+06 83.28 ± 27.82
15 23 29 24 9.583E+05 1.208E+06 77.73 ± 22.08
16 12 11 20 6.000E+05 5.500E+05 106.68 ± 44.88
17 13 17 32 4.063E+05 5.313E+05 74.97 ± 27.90
18 14 31 28 5.000E+05 1.107E+06 44.38 ± 14.48
19 16 22 25 6.400E+05 8.800E+05 71.32 ± 23.73
20 24 38 42 5.714E+05 9.048E+05 61.98 ± 16.48
21 10 19 20 5.000E+05 9.500E+05 51.69 ± 20.38
22 18 19 25 7.200E+05 7.600E+05 92.75 ± 30.89
23 48 70 49 9.796E+05 1.429E+06 67.26 ± 13.09
24 24 36 42 5.714E+05 8.571E+05 65.40 ± 17.57
25 11 16 18 6.111E+05 8.889E+05 67.44 ± 26.65
26 20 35 24 8.333E+05 1.458E+06 56.10 ± 16.00
27 36 39 40 9.000E+05 9.750E+05 90.38 ± 21.42
28 24 36 28 8.571E+05 1.286E+06 65.40 ± 17.57
29 18 24 24 7.500E+05 1.000E+06 73.53 ± 23.25
30 17 29 25 6.800E+05 1.160E+06 57.55 ± 17.84
31 18 24 20 9.000E+05 1.200E+06 73.53 ± 23.25
32 24 27 25 9.600E+05 1.080E+06 87.06 ± 24.85
33 29 37 35 8.286E+05 1.057E+06 76.83 ± 19.48
34 19 27 28 6.786E+05 9.643E+05 69.02 ± 20.98
35 16 13 20 8.000E+05 6.500E+05 120.23 ± 45.34
Sum 664 932 982 6.762E+05 9.491E+05
Area(=(1.00EP06(cm2
χ2(=(37.59
P(χ2)(=(30.82%
ρD(=(827651(cmP2
ND(=(4843
Pooled(Age(=(69.92±25.12Ma
Mean(Age(=(72.0(±(4.2(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
88
Sample:(KLB_64
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°47.359'222W2139°53.252' Elevation:(26482m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 8 14 24 3.333E+05 5.833E+05 55.34 ± 24.70
2 2 43 30 6.667E+04 1.433E+06 4.52 ± 3.28
3 4 24 42 9.524E+04 5.714E+05 16.19 ± 8.79
4 1 17 24 4.167E+04 7.083E+05 5.72 ± 5.89
5 24 54 50 4.800E+05 1.080E+06 43.09 ± 10.81
6 5 50 54 9.259E+04 9.259E+05 9.72 ± 4.59
7 8 27 45 1.778E+05 6.000E+05 28.76 ± 11.67
8 13 77 56 2.321E+05 1.375E+06 16.40 ± 4.99
9 15 98 63 2.381E+05 1.556E+06 14.87 ± 4.20
10 6 38 30 2.000E+05 1.267E+06 15.34 ± 6.79
11 12 82 72 1.667E+05 1.139E+06 14.22 ± 4.46
12 13 57 50 2.600E+05 1.140E+06 22.15 ± 6.91
13 12 55 80 1.500E+05 6.875E+05 21.19 ± 6.84
14 11 52 56 1.964E+05 9.286E+05 20.54 ± 6.90
15 15 109 100 1.500E+05 1.090E+06 13.37 ± 3.75
16 4 26 30 1.333E+05 8.667E+05 14.95 ± 8.07
17 5 36 36 1.389E+05 1.000E+06 13.50 ± 6.48
18 7 52 48 1.458E+05 1.083E+06 13.08 ± 5.31
19 17 106 48 3.542E+05 2.208E+06 15.58 ± 4.15
20 7 39 30 2.333E+05 1.300E+06 17.44 ± 7.22
21 8 39 48 1.667E+05 8.125E+05 19.92 ± 7.80
22 12 77 80 1.500E+05 9.625E+05 15.14 ± 4.77
23 14 70 80 1.750E+05 8.750E+05 19.42 ± 5.78
24 10 42 49 2.041E+05 8.571E+05 23.12 ± 8.22
25 6 30 28 2.143E+05 1.071E+06 19.42 ± 8.75
26 8 56 60 1.333E+05 9.333E+05 13.88 ± 5.30
27 20 95 80 2.500E+05 1.188E+06 20.45 ± 5.14
28 6 43 69 8.696E+04 6.232E+05 13.56 ± 5.95
29 5 34 48 1.042E+05 7.083E+05 14.29 ± 6.88
30 6 47 60 1.000E+05 7.833E+05 12.41 ± 5.42
31 6 24 32 1.875E+05 7.500E+05 24.27 ± 11.15
32 12 33 48 2.500E+05 6.875E+05 35.27 ± 12.03
33 11 41 40 2.750E+05 1.025E+06 26.04 ± 8.95
34 11 62 42 2.619E+05 1.476E+06 17.23 ± 5.71
35 5 30 24 2.083E+05 1.250E+06 16.19 ± 7.87
Sum 329 1779 1756 1.874E+05 1.013E+06
Area(=(1.00EP06(cm2
χ2(=(43.42
P(χ2)(=(12.91%
ρD(=(816433(cmP2
ND(=(4843
Pooled(Age(=(18.02±21.42Ma
Mean(Age(=(19.1(±(1.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
89
Sample:(KLB_68
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°45.284'222W2138°49.092' Elevation:(13972m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 10 11 21 4.762E+05 5.238E+05 86.63 ± 38.12
2 23 31 72 3.194E+05 4.306E+05 70.79 ± 19.83
3 13 26 50 2.600E+05 5.200E+05 47.79 ± 16.43
4 18 26 42 4.286E+05 6.190E+05 66.08 ± 20.55
5 18 29 70 2.571E+05 4.143E+05 59.27 ± 18.05
6 21 39 80 2.625E+05 4.875E+05 51.45 ± 14.18
7 46 58 100 4.600E+05 5.800E+05 75.64 ± 15.45
8 20 30 50 4.000E+05 6.000E+05 63.64 ± 18.67
9 28 52 90 3.111E+05 5.778E+05 51.45 ± 12.36
10 21 35 64 3.281E+05 5.469E+05 57.30 ± 16.10
11 25 45 80 3.125E+05 5.625E+05 53.08 ± 13.53
12 43 60 100 4.300E+05 6.000E+05 68.39 ± 14.13
13 18 25 32 5.625E+05 7.813E+05 68.70 ± 21.54
14 23 41 60 3.833E+05 6.833E+05 53.59 ± 14.24
15 25 28 50 5.000E+05 5.600E+05 85.09 ± 23.84
16 41 43 100 4.100E+05 4.300E+05 90.83 ± 20.39
17 38 56 100 3.800E+05 5.600E+05 64.77 ± 14.03
18 34 38 100 3.400E+05 3.800E+05 85.27 ± 20.62
19 31 32 70 4.429E+05 4.571E+05 92.27 ± 23.75
20 65 70 72 9.028E+05 9.722E+05 88.47 ± 15.93
21 27 33 42 6.429E+05 7.857E+05 78.02 ± 20.65
22 51 53 100 5.100E+05 5.300E+05 91.66 ± 18.61
23 15 15 36 4.167E+05 4.167E+05 95.23 ± 35.13
24 35 56 100 3.500E+05 5.600E+05 59.68 ± 13.24
25 16 29 48 3.333E+05 6.042E+05 52.71 ± 16.65
26 8 21 36 2.222E+05 5.833E+05 36.44 ± 15.26
27 24 48 48 5.000E+05 1.000E+06 47.79 ± 12.21
28 24 29 49 4.898E+05 5.918E+05 78.91 ± 22.16
29 19 18 48 3.958E+05 3.750E+05 100.48 ± 33.47
30 18 31 48 3.750E+05 6.458E+05 55.46 ± 16.69
31 28 24 36 7.778E+05 6.667E+05 110.96 ± 31.41
32 25 35 70 3.571E+05 5.000E+05 68.16 ± 18.20
33 20 29 60 3.333E+05 4.833E+05 65.82 ± 19.44
34 15 21 36 4.167E+05 5.833E+05 68.16 ± 23.32
35 22 32 70 3.143E+05 4.571E+05 65.62 ± 18.50
Sum 908 1249 2230 4.072E+05 5.601E+05
Area(=(1.00EP06(cm2
χ2(=(28.18
P(χ2)(=(74.81%
ρD(=(805216(cmP2
ND(=(4843
Pooled(Age(=(69.42±24.72Ma
Mean(Age(=(70.2(±(2.9(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_69
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°47.904'222W2139°06.183' Elevation:(23942m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 34 26 90 3.778E+05 2.889E+05 122.53 ± 32.56
2 15 15 35 4.286E+05 4.286E+05 93.91 ± 34.64
3 36 27 80 4.500E+05 3.375E+05 124.91 ± 32.47
4 24 30 72 3.333E+05 4.167E+05 75.24 ± 20.98
5 28 27 80 3.500E+05 3.375E+05 97.36 ± 26.75
6 39 47 100 3.900E+05 4.700E+05 78.02 ± 17.39
7 17 24 64 2.656E+05 3.750E+05 66.66 ± 21.42
8 8 10 49 1.633E+05 2.041E+05 75.24 ± 35.91
9 25 15 48 5.208E+05 3.125E+05 155.76 ± 51.52
10 12 12 42 2.857E+05 2.857E+05 93.91 ± 38.65
11 42 33 100 4.200E+05 3.300E+05 119.29 ± 28.44
12 33 18 80 4.125E+05 2.250E+05 171.14 ± 50.94
13 42 25 90 4.667E+05 2.778E+05 157.00 ± 40.50
14 28 32 80 3.500E+05 4.000E+05 82.25 ± 21.72
15 21 26 64 3.281E+05 4.063E+05 75.96 ± 22.64
16 35 28 90 3.889E+05 3.111E+05 117.17 ± 30.34
17 22 17 60 3.667E+05 2.833E+05 121.27 ± 39.67
18 27 36 64 4.219E+05 5.625E+05 70.56 ± 18.34
19 18 24 70 2.571E+05 3.429E+05 70.56 ± 22.31
20 54 33 100 5.400E+05 3.300E+05 152.97 ± 34.74
21 29 19 70 4.143E+05 2.714E+05 142.79 ± 42.81
22 36 31 100 3.600E+05 3.100E+05 108.93 ± 27.29
23 26 29 80 3.250E+05 3.625E+05 84.26 ± 23.18
24 32 34 80 4.000E+05 4.250E+05 88.42 ± 22.27
25 18 21 60 3.000E+05 3.500E+05 80.58 ± 26.22
26 21 23 80 2.625E+05 2.875E+05 85.80 ± 26.28
27 30 27 80 3.750E+05 3.375E+05 104.26 ± 28.19
28 24 21 70 3.429E+05 3.000E+05 107.21 ± 32.53
29 28 27 90 3.111E+05 3.000E+05 97.36 ± 26.75
30 23 24 70 3.286E+05 3.429E+05 90.02 ± 26.69
31 45 36 100 4.500E+05 3.600E+05 117.17 ± 26.91
32 22 14 60 3.667E+05 2.333E+05 146.96 ± 50.83
33 34 40 100 3.400E+05 4.000E+05 79.91 ± 19.11
34 20 22 49 4.082E+05 4.490E+05 85.43 ± 26.77
35 23 25 90 2.556E+05 2.778E+05 86.45 ± 25.39
Sum 971 898 2637 3.682E+05 3.405E+05
Area(=(1.00EP06(cm2
χ2(=(30.97
P(χ2)(=(61.68%
ρD(=(793998(cmP2
ND(=(4843
Pooled(Age(=(101.52±27.12Ma
Mean(Age(=(103.6(±(4.8(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_71
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°49.973'111W1139°56.130' Elevation:(28821m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 3 7 15 2.000E+05 4.667E+05 39.85 ± 27.58
2 4 11 21 1.905E+05 5.238E+05 33.82 ± 19.83
3 12 79 42 2.857E+05 1.881E+06 14.15 ± 4.45
4 10 33 30 3.333E+05 1.100E+06 28.20 ± 10.29
5 8 21 16 5.000E+05 1.313E+06 35.43 ± 14.84
6 5 15 16 3.125E+05 9.375E+05 31.01 ± 16.10
7 11 125 60 1.833E+05 2.083E+06 8.20 ± 2.62
8 3 22 18 1.667E+05 1.222E+06 12.70 ± 7.85
9 6 29 30 2.000E+05 9.667E+05 19.27 ± 8.70
10 9 33 32 2.813E+05 1.031E+06 25.38 ± 9.64
11 13 71 50 2.600E+05 1.420E+06 17.05 ± 5.22
12 7 29 20 3.500E+05 1.450E+06 22.47 ± 9.54
13 10 48 56 1.786E+05 8.571E+05 19.40 ± 6.82
14 4 13 12 3.333E+05 1.083E+06 28.63 ± 16.44
15 13 66 70 1.857E+05 9.429E+05 18.34 ± 5.65
16 7 25 36 1.944E+05 6.944E+05 26.06 ± 11.23
17 10 52 36 2.778E+05 1.444E+06 17.91 ± 6.26
18 29 83 90 3.222E+05 9.222E+05 32.50 ± 7.22
19 12 31 25 4.800E+05 1.240E+06 36.00 ± 12.38
20 3 10 25 1.200E+05 4.000E+05 27.92 ± 18.44
21 6 15 16 3.750E+05 9.375E+05 37.20 ± 18.07
22 9 34 36 2.500E+05 9.444E+05 24.64 ± 9.33
23 3 7 10 3.000E+05 7.000E+05 39.85 ± 27.58
24 10 29 20 5.000E+05 1.450E+06 32.08 ± 11.88
25 7 31 28 2.500E+05 1.107E+06 21.02 ± 8.87
26 7 23 20 3.500E+05 1.150E+06 28.32 ± 12.32
27 5 67 36 1.389E+05 1.861E+06 6.96 ± 3.25
28 6 20 16 3.750E+05 1.250E+06 27.92 ± 13.08
29 8 25 32 2.500E+05 7.813E+05 29.77 ± 12.19
30 13 40 28 4.643E+05 1.429E+06 30.24 ± 9.78
31 14 25 45 3.111E+05 5.556E+05 52.02 ± 17.58
32 20 93 100 2.000E+05 9.300E+05 20.02 ± 5.05
33 4 17 18 2.222E+05 9.444E+05 21.91 ± 12.23
34 12 28 32 3.750E+05 8.750E+05 39.85 ± 13.91
35 5 25 20 2.500E+05 1.250E+06 18.63 ± 9.18
Sum 308 1282 1157 2.662E+05 1.108E+06
Area(=(1.00EP06(cm2
χ2(=(47.01
P(χ2)(=(6.72%
ρD(=(782781(cmP2
ND(=(4843
Pooled(Age(=(22.41±11.81Ma
Mean(Age(=(26.4(±(1.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_74
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N261°00.432'222W2139°15.793' Elevation:(29232m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 13 74 100 1.300E+05 7.400E+05 15.66 ± 4.78
2 1 7 14 7.143E+04 5.000E+05 12.74 ± 13.63
3 11 65 80 1.375E+05 8.125E+05 15.09 ± 4.98
4 11 22 28 3.929E+05 7.857E+05 44.47 ± 16.59
5 7 13 12 5.833E+05 1.083E+06 47.88 ± 22.59
6 7 50 100 7.000E+04 5.000E+05 12.48 ± 5.08
7 2 8 54 3.704E+04 1.481E+05 22.27 ± 17.65
8 6 11 60 1.000E+05 1.833E+05 48.50 ± 24.75
9 1 4 12 8.333E+04 3.333E+05 22.27 ± 24.93
10 14 25 60 2.333E+05 4.167E+05 49.79 ± 16.82
11 3 22 48 6.250E+04 4.583E+05 12.16 ± 7.51
12 4 14 80 5.000E+04 1.750E+05 25.45 ± 14.49
13 3 16 56 5.357E+04 2.857E+05 16.71 ± 10.55
14 9 52 70 1.286E+05 7.429E+05 15.43 ± 5.63
15 5 14 20 2.500E+05 7.000E+05 31.80 ± 16.65
16 3 9 24 1.250E+05 3.750E+05 29.68 ± 19.85
17 4 10 25 1.600E+05 4.000E+05 35.60 ± 21.15
18 3 12 40 7.500E+04 3.000E+05 22.27 ± 14.43
19 6 24 42 1.429E+05 5.714E+05 22.27 ± 10.23
20 4 27 90 4.444E+04 3.000E+05 13.21 ± 7.11
21 8 28 70 1.143E+05 4.000E+05 25.45 ± 10.29
22 5 26 90 5.556E+04 2.889E+05 17.14 ± 8.42
23 16 120 70 2.286E+05 1.714E+06 11.89 ± 3.23
24 9 17 100 9.000E+04 1.700E+05 47.08 ± 19.56
25 4 43 56 7.143E+04 7.679E+05 8.30 ± 4.36
26 7 17 36 1.944E+05 4.722E+05 36.65 ± 16.57
27 4 7 56 7.143E+04 1.250E+05 50.80 ± 31.95
28 4 13 50 8.000E+04 2.600E+05 27.40 ± 15.73
29 13 42 100 1.300E+05 4.200E+05 27.57 ± 8.87
30 4 13 50 8.000E+04 2.600E+05 27.40 ± 15.73
31 4 15 48 8.333E+04 3.125E+05 23.76 ± 13.43
32 6 18 35 1.714E+05 5.143E+05 29.68 ± 14.08
33 6 29 40 1.500E+05 7.250E+05 18.44 ± 8.33
34 11 63 100 1.100E+05 6.300E+05 15.56 ± 5.15
35 11 22 70 1.571E+05 3.143E+05 44.47 ± 16.59
Sum 229 952 1986 1.153E+05 4.794E+05
Area(=(1.00EP06(cm2
χ2(=(48.60
P(χ2)(=(5.00%
ρD(=(749128(cmP2
ND(=(4843
Pooled(Age(=(21.42±21.92Ma
Mean(Age(=(26.5(±(2.2(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_84
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N261°03.596'222W2139°15.793' Elevation:(23962m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 88 94 100 8.800E+05 9.400E+05 81.78 ± 12.87
2 76 96 80 9.500E+05 1.200E+06 69.23 ± 11.23
3 110 111 100 1.100E+06 1.110E+06 86.54 ± 12.50
4 92 98 100 9.200E+05 9.800E+05 82.01 ± 12.66
5 54 50 50 1.080E+06 1.000E+06 94.26 ± 19.15
6 43 42 40 1.075E+06 1.050E+06 89.39 ± 19.95
7 75 64 80 9.375E+05 8.000E+05 102.21 ± 18.20
8 51 65 60 8.500E+05 1.083E+06 68.61 ± 13.33
9 46 58 48 9.583E+05 1.208E+06 69.35 ± 14.17
10 49 51 49 1.000E+06 1.041E+06 83.92 ± 17.35
11 68 76 72 9.444E+05 1.056E+06 78.18 ± 13.68
12 93 89 100 9.300E+05 8.900E+05 91.22 ± 14.35
13 56 51 54 1.037E+06 9.444E+05 95.82 ± 19.22
14 51 51 56 9.107E+05 9.107E+05 87.32 ± 17.89
15 58 37 45 1.289E+06 8.222E+05 136.36 ± 29.57
16 62 66 64 9.688E+05 1.031E+06 82.06 ± 15.14
17 41 40 40 1.025E+06 1.000E+06 89.49 ± 20.43
18 54 48 50 1.080E+06 9.600E+05 98.15 ± 20.14
19 94 91 80 1.175E+06 1.138E+06 90.18 ± 14.08
20 58 56 64 9.063E+05 8.750E+05 90.42 ± 17.59
Sum 1319 1334 1332 9.902E+05 1.002E+06
Area(=(1.00EP06(cm2
χ2(=(12.77
P(χ2)(=(85.04%
ρD(=(737911(cmP2
ND(=(4843
Pooled(Age(=(86.42±25.62Ma
Mean(Age(=(88.3(±(3.3(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_86
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°57.451'222W2138°02.460' Elevation:(9352m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 36 67 48 7.500E+05 1.396E+06 46.35 ± 9.88
2 25 44 100 2.500E+05 4.400E+05 49.01 ± 12.54
3 76 134 63 1.206E+06 2.127E+06 48.92 ± 7.48
4 16 31 30 5.333E+05 1.033E+06 44.53 ± 13.91
5 16 24 24 6.667E+05 1.000E+06 57.46 ± 18.79
6 19 23 42 4.524E+05 5.476E+05 71.13 ± 22.36
7 68 152 80 8.500E+05 1.900E+06 38.62 ± 5.99
8 17 47 50 3.400E+05 9.400E+05 31.24 ± 8.99
9 38 79 56 6.786E+05 1.411E+06 41.51 ± 8.48
10 24 45 60 4.000E+05 7.500E+05 46.01 ± 11.88
11 24 57 56 4.286E+05 1.018E+06 36.35 ± 9.05
12 68 128 100 6.800E+05 1.280E+06 45.83 ± 7.29
13 12 25 42 2.857E+05 5.952E+05 41.42 ± 14.71
14 34 65 64 5.313E+05 1.016E+06 45.13 ± 9.84
15 38 66 80 4.750E+05 8.250E+05 49.66 ± 10.44
16 30 66 70 4.286E+05 9.429E+05 39.23 ± 8.88
17 23 41 48 4.792E+05 8.542E+05 48.39 ± 12.86
18 45 73 80 5.625E+05 9.125E+05 53.15 ± 10.45
19 31 59 36 8.611E+05 1.639E+06 45.33 ± 10.33
20 56 81 60 9.333E+05 1.350E+06 59.58 ± 10.82
21 20 38 24 8.333E+05 1.583E+06 45.41 ± 12.77
22 32 46 63 5.079E+05 7.302E+05 59.95 ± 14.15
23 18 40 40 4.500E+05 1.000E+06 38.84 ± 11.21
24 26 36 40 6.500E+05 9.000E+05 62.23 ± 16.34
25 13 32 40 3.250E+05 8.000E+05 35.08 ± 11.68
26 28 49 36 7.778E+05 1.361E+06 49.28 ± 11.96
27 9 19 40 2.250E+05 4.750E+05 40.88 ± 16.68
28 21 38 35 6.000E+05 1.086E+06 47.67 ± 13.20
29 28 51 35 8.000E+05 1.457E+06 47.36 ± 11.41
30 12 30 45 2.667E+05 6.667E+05 34.54 ± 11.94
Sum 903 1686 1587 5.690E+05 1.062E+06
Area(=(1.00EP06(cm2
χ2(=(15.66
P(χ2)(=(97.91%
ρD(=(726693(cmP2
ND(=(4843
Pooled(Age(=(46.22±23.12Ma
Mean(Age(=(46.7(±(1.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_88
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N160°59.687'111W1138°27.706' Elevation:(7911m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 55 51 30 1.833E+06 1.700E+06 91.28 ± 18.38
2 12 11 20 6.000E+05 5.500E+05 92.33 ± 38.84
3 20 23 28 7.143E+05 8.214E+05 73.70 ± 22.86
4 73 66 64 1.141E+06 1.031E+06 93.60 ± 16.64
5 57 76 100 5.700E+05 7.600E+05 63.62 ± 11.64
6 27 26 24 1.125E+06 1.083E+06 87.92 ± 24.59
7 57 56 40 1.425E+06 1.400E+06 86.19 ± 16.83
8 10 12 16 6.250E+05 7.500E+05 70.65 ± 30.48
9 40 32 32 1.250E+06 1.000E+06 105.68 ± 25.67
10 29 33 32 9.063E+05 1.031E+06 74.48 ± 19.36
11 29 33 28 1.036E+06 1.179E+06 74.48 ± 19.36
12 19 20 21 9.048E+05 9.524E+05 80.48 ± 26.12
13 28 29 32 8.750E+05 9.063E+05 81.78 ± 22.09
14 42 32 30 1.400E+06 1.067E+06 110.92 ± 26.67
15 36 37 35 1.029E+06 1.057E+06 82.41 ± 19.77
16 19 14 18 1.056E+06 7.778E+05 114.66 ± 40.83
17 27 37 16 1.688E+06 2.313E+06 61.91 ± 16.00
18 12 10 16 7.500E+05 6.250E+05 101.49 ± 43.78
19 20 29 20 1.000E+06 1.450E+06 58.52 ± 17.28
20 19 25 35 5.429E+05 7.143E+05 64.46 ± 19.91
21 21 23 30 7.000E+05 7.667E+05 77.36 ± 23.70
22 42 44 36 1.167E+06 1.222E+06 80.86 ± 17.95
23 31 33 49 6.327E+05 6.735E+05 79.58 ± 20.34
24 24 23 24 1.000E+06 9.583E+05 88.34 ± 26.19
25 26 26 40 6.500E+05 6.500E+05 84.68 ± 23.90
26 14 18 21 6.667E+05 8.571E+05 65.96 ± 23.76
27 32 28 20 1.600E+06 1.400E+06 96.69 ± 25.53
28 53 55 56 9.464E+05 9.821E+05 81.62 ± 16.28
29 57 68 63 9.048E+05 1.079E+06 71.06 ± 13.29
30 32 30 30 1.067E+06 1.000E+06 90.29 ± 23.43
Sum 963 1000 1006 9.573E+05 9.940E+05
Area(=(1.00EP06(cm2
χ2(=(12.82
P(χ2)(=(99.59%
ρD(=(715476(cmP2
ND(=(4843
Pooled(Age(=(81.61±15.71Ma
Mean(Age(=(82.9(±(2.6(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_98
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N260°02.805'222W2136°53.029' Elevation:(9622m
Grain/Area(# Ns Ni Nsquares ρs ρi Age((Ma) Abs.(Err.((Ma)
1 31 45 50 6.200E+05 9.000E+05 57.54 ± 13.77
2 64 77 80 8.000E+05 9.625E+05 69.36 ± 12.28
3 27 58 64 4.219E+05 9.063E+05 38.94 ± 9.30
4 68 75 72 9.444E+05 1.042E+06 75.63 ± 13.27
5 58 94 70 8.286E+05 1.343E+06 51.56 ± 9.02
6 53 75 90 5.889E+05 8.333E+05 59.02 ± 11.03
7 23 36 30 7.667E+05 1.200E+06 53.38 ± 14.52
8 39 49 63 6.190E+05 7.778E+05 66.44 ± 14.68
9 32 39 42 7.619E+05 9.286E+05 68.48 ± 16.72
10 38 45 56 6.786E+05 8.036E+05 70.47 ± 15.96
11 53 60 60 8.833E+05 1.000E+06 73.69 ± 14.42
12 32 56 48 6.667E+05 1.167E+06 47.77 ± 10.88
13 20 35 40 5.000E+05 8.750E+05 47.77 ± 13.62
14 59 77 80 7.375E+05 9.625E+05 63.97 ± 11.57
15 50 68 100 5.000E+05 6.800E+05 61.40 ± 11.88
16 50 60 56 8.929E+05 1.071E+06 69.54 ± 13.81
17 34 52 60 5.667E+05 8.667E+05 54.63 ± 12.38
18 50 68 80 6.250E+05 8.500E+05 61.40 ± 11.88
19 36 52 64 5.625E+05 8.125E+05 57.83 ± 12.90
20 38 67 60 6.333E+05 1.117E+06 47.41 ± 9.94
21 21 44 36 5.833E+05 1.222E+06 39.92 ± 10.79
22 46 48 60 7.667E+05 8.000E+05 79.91 ± 17.01
23 65 69 63 1.032E+06 1.095E+06 78.56 ± 14.19
24 61 84 72 8.472E+05 1.167E+06 60.65 ± 10.69
25 57 73 70 8.143E+05 1.043E+06 65.18 ± 12.02
26 38 53 56 6.786E+05 9.464E+05 59.88 ± 13.11
27 32 48 64 5.000E+05 7.500E+05 55.70 ± 13.04
28 26 50 40 6.500E+05 1.250E+06 43.48 ± 10.76
29 45 87 90 5.000E+05 9.667E+05 43.25 ± 8.26
30 48 75 70 6.857E+05 1.071E+06 53.48 ± 10.28
Sum 1294 1819 1886 6.861E+05 9.645E+05
Area(=(1.00EP06(cm2
χ2(=(26.22
P(χ2)(=(61.37%
ρD(=(704258(cmP2
ND(=(4843
Pooled(Age(=(59.42±23.82Ma
Mean(Age(=(59.2(±(2.1(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_107
Irradiation:(UC_01a
Mineral:(Apatite
Location:(N161°33.921'1111W1139°21.647' Elevation:(7471m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 12 15 15 8.000E+05 1.000E+06 65.7 ± 25.7
2 14 22 24 5.833E+05 9.167E+05 52.3 ± 18.1
3 7 16 12 5.833E+05 1.333E+06 36.0 ± 16.4
4 5 11 15 3.333E+05 7.333E+05 37.4 ± 20.3
5 21 38 56 3.750E+05 6.786E+05 45.5 ± 12.6
6 13 24 42 3.095E+05 5.714E+05 44.6 ± 15.5
7 25 52 48 5.208E+05 1.083E+06 39.6 ± 9.9
8 13 38 32 4.063E+05 1.188E+06 28.2 ± 9.2
9 5 15 24 2.083E+05 6.250E+05 27.5 ± 14.3
10 12 39 48 2.500E+05 8.125E+05 25.4 ± 8.5
11 10 13 30 3.333E+05 4.333E+05 63.2 ± 26.8
12 18 33 42 4.286E+05 7.857E+05 44.9 ± 13.4
13 21 79 48 4.375E+05 1.646E+06 21.9 ± 5.5
14 16 36 45 3.556E+05 8.000E+05 36.6 ± 11.2
15 12 34 30 4.000E+05 1.133E+06 29.1 ± 9.9
16 16 44 48 3.333E+05 9.167E+05 30.0 ± 8.9
17 10 26 35 2.857E+05 7.429E+05 31.7 ± 11.9
18 12 26 48 2.500E+05 5.417E+05 38.0 ± 13.4
19 9 28 50 1.800E+05 5.600E+05 26.5 ± 10.2
20 6 15 28 2.143E+05 5.357E+05 32.9 ± 16.0
21 29 55 48 6.042E+05 1.146E+06 43.4 ± 10.2
22 21 49 56 3.750E+05 8.750E+05 35.3 ± 9.4
23 11 21 56 1.964E+05 3.750E+05 43.1 ± 16.2
24 37 81 100 3.700E+05 8.100E+05 37.6 ± 7.7
25 10 28 48 2.083E+05 5.833E+05 29.4 ± 10.9
26 11 11 24 4.583E+05 4.583E+05 82.0 ± 35.2
27 10 34 45 2.222E+05 7.556E+05 24.2 ± 8.8
28 13 22 40 3.250E+05 5.500E+05 48.6 ± 17.2
29 14 29 30 4.667E+05 9.667E+05 39.7 ± 13.1
30 12 21 35 3.429E+05 6.000E+05 47.0 ± 17.2
31 10 28 32 3.125E+05 8.750E+05 29.4 ± 10.9
32 6 23 54 1.111E+05 4.259E+05 21.5 ± 9.9
33 21 28 36 5.833E+05 7.778E+05 61.6 ± 18.1
34 24 49 42 5.714E+05 1.167E+06 40.3 ± 10.3
35 7 11 20 3.500E+05 5.500E+05 52.3 ± 25.5
Sum 493 1094 1386 3.557E+05 7.893E+05
Area(=(1.00EN06(cm2
χ2(=(28.50
P(χ2)(=(73.38%
ρD(=(693041(cmN2
ND(=(4843
Pooled(Age(=(37.11±12.81Ma
Mean(Age(=(39.79(±(2.3(Ma
Analysis(performed(by(Adam(Piestrzeniewicz
ζ(factor(=(238.28(±(12.02(cm2
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Sample:(KLB_5
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°48.851'****W*137°29.378' Elevation:(681*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 68 68 12 5.667E+06 5.667E+06 37.6 ± 6.7
2 87 82 6 1.450E+07 1.367E+07 39.9 ± 6.4
3 65 50 6 1.083E+07 8.333E+06 48.9 ± 9.5
4 37 32 4 9.250E+06 8.000E+06 43.5 ± 10.7
5 88 79 6 1.467E+07 1.317E+07 41.9 ± 6.8
6 65 53 6 1.083E+07 8.833E+06 46.1 ± 8.8
7 89 70 9 9.889E+06 7.778E+06 47.8 ± 8.0
Sum 499 434 49 7.564E+07 6.544E+07
Area(=(1.00EN06(cm2
χ2(=(1.92
P(χ2)(=(92.66%
ρD(=(631375(cmN2
ND(=(4051
Pooled(Age(=(43.3*±*3.5*Ma
Mean(Age(=(43.7(±(1.6(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_41
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N(60°25.661'***W*138°14.570' Elevation:(1383*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 119 28 5 2.380E+07 5.600E+06 158.3 ± 34.1
2 182 47 6 3.033E+07 7.833E+06 144.4 ± 24.6
3 115 31 6 1.917E+07 5.167E+06 138.4 ± 28.8
4 179 41 6 2.983E+07 6.833E+06 162.6 ± 29.2
5 166 41 6 2.767E+07 6.833E+06 150.9 ± 27.3
6 155 34 5 3.100E+07 6.800E+06 169.6 ± 33.1
7 121 29 4 3.025E+07 7.250E+06 155.4 ± 33.0
8 139 31 6 2.317E+07 5.167E+06 166.9 ± 34.1
9 204 43 8 2.550E+07 5.375E+06 176.4 ± 30.8
10 231 68 8 2.888E+07 8.500E+06 126.8 ± 18.5
11 125 32 4 3.125E+07 8.000E+06 145.6 ± 29.7
12 111 28 4 2.775E+07 7.000E+06 147.8 ± 32.0
13 156 31 6 2.600E+07 5.167E+06 187.0 ± 37.8
Sum 2003 484 74 3.546E+08 8.553E+07
Area(=(1.00EN06(cm2
χ2(=(4.85
P(χ2)(=(96.29%
ρD(=(630538(cmN2
ND(=(4051
Pooled(Age(=(154.2*±*10.7*Ma
Mean(Age(=(156.2(±(4.6(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_42
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°24.160'+++W+138°40.941' Elevation:(1750+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 189 87 12 1.575E+07 7.250E+06 81.3 ± 11.2
2 144 43 6 2.400E+07 7.167E+06 125.0 ± 22.5
3 93 39 6 1.550E+07 6.500E+06 89.2 ± 17.5
4 97 37 8 1.213E+07 4.625E+06 98.0 ± 19.5
5 178 56 9 1.978E+07 6.222E+06 118.7 ± 19.0
6 183 68 12 1.525E+07 5.667E+06 100.6 ± 15.1
7 138 51 9 1.533E+07 5.667E+06 101.2 ± 17.3
8 172 62 9 1.911E+07 6.889E+06 103.7 ± 16.1
9 132 59 8 1.650E+07 7.375E+06 83.8 ± 13.7
10 186 60 10 1.860E+07 6.000E+06 115.8 ± 18.1
11 250 88 12 2.083E+07 7.333E+06 106.2 ± 14.1
12 208 69 14 1.486E+07 4.929E+06 112.6 ± 16.5
13 86 45 6 1.433E+07 7.500E+06 71.6 ± 13.6
14 111 44 6 1.850E+07 7.333E+06 94.4 ± 17.4
15 141 53 9 1.567E+07 5.889E+06 99.5 ± 16.7
16 142 57 6 2.367E+07 9.500E+06 93.2 ± 15.3
17 188 60 10 1.880E+07 6.000E+06 117.0 ± 18.2
18 185 63 10 1.850E+07 6.300E+06 109.7 ± 16.8
Sum 2823 1041 162 3.171E+08 1.181E+08
Area(=(1.00EN06(cm2
χ2(=(14.43
P(χ2)(=63.62%
ρD(=(630120(cmN2
ND(=(4051
Pooled(Age(=(101.4+±+6.1+Ma
Mean(Age(=(101.2(±(3.3(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_44
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°25.690'****W*139°05.611' Elevation:(2637*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 57 166 24 2.375E+06 6.917E+06 12.9 ± 2.1
2 20 96 28 7.143E+05 3.429E+06 7.8 ± 2.0
3 26 95 15 1.733E+06 6.333E+06 10.3 ± 2.3
4 28 87 20 1.400E+06 4.350E+06 12.1 ± 2.7
5 39 153 24 1.625E+06 6.375E+06 9.6 ± 1.8
6 51 188 24 2.125E+06 7.833E+06 10.2 ± 1.7
7 48 197 15 3.200E+06 1.313E+07 9.2 ± 1.5
8 10 34 15 6.667E+05 2.267E+06 11.1 ± 4.0
9 24 95 9 2.667E+06 1.056E+07 9.5 ± 2.2
10 17 53 10 1.700E+06 5.300E+06 12.1 ± 3.4
11 33 142 20 1.650E+06 7.100E+06 8.7 ± 1.7
12 35 132 18 1.944E+06 7.333E+06 10.0 ± 2.0
13 17 100 12 1.417E+06 8.333E+06 6.4 ± 1.7
14 10 50 12 8.333E+05 4.167E+06 7.5 ± 2.6
15 29 91 18 1.611E+06 5.056E+06 12.0 ± 2.6
16 16 52 11 1.455E+06 4.727E+06 11.6 ± 3.4
17 18 67 14 1.286E+06 4.786E+06 10.1 ± 2.7
18 19 103 21 9.048E+05 4.905E+06 6.9 ± 1.8
19 32 94 10 3.200E+06 9.400E+06 12.8 ± 2.7
20 23 98 10 2.300E+06 9.800E+06 8.8 ± 2.1
21 15 50 12 1.250E+06 4.167E+06 11.3 ± 3.4
22 20 88 7 2.857E+06 1.257E+07 8.6 ± 2.2
23 52 235 25 2.080E+06 9.400E+06 8.3 ± 1.3
24 17 47 7 2.429E+06 6.714E+06 13.6 ± 3.9
25 16 71 15 1.067E+06 4.733E+06 8.5 ± 2.4
26 10 47 10 1.000E+06 4.700E+06 8.0 ± 2.8
27 16 48 8 2.000E+06 6.000E+06 12.5 ± 3.7
28 31 152 22 1.409E+06 6.909E+06 7.7 ± 1.6
29 28 88 14 2.000E+06 6.286E+06 12.0 ± 2.7
30 44 225 22 2.000E+06 1.023E+07 7.4 ± 1.3
31 28 164 24 1.167E+06 6.833E+06 6.4 ± 1.3
32 60 176 30 2.000E+06 5.867E+06 12.8 ± 2.0
33 33 131 15 2.200E+06 8.733E+06 9.5 ± 1.9
34 45 252 35 1.286E+06 7.200E+06 6.7 ± 1.1
35 15 45 6 2.500E+06 7.500E+06 12.5 ± 3.8
36 19 71 18 1.056E+06 3.944E+06 10.1 ± 2.6
37 24 103 21 1.143E+06 4.905E+06 8.8 ± 2.0
Sum 1025 4086 621 6.425E+07 2.488E+08
Area(=(1.00EN06(cm2
χ2(=(38.34
P(χ2)(=36.37%
ρD(=(629702(cmN2
ND(=(4051
Pooled(Age(=(9.4*±*0.6*Ma
Mean(Age(=(9.8(±(0.3(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
103
Sample:(KLB_47
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°25.811'+++W+139°32.713' Elevation:(1709+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 244 205 72 3.389E+06 2.847E+06 44.6 ± 4.7
2 64 43 25 2.560E+06 1.720E+06 55.8 ± 11.3
3 79 60 15 5.267E+06 4.000E+06 49.4 ± 8.8
4 162 152 42 3.857E+06 3.619E+06 40.0 ± 4.9
5 35 25 6 5.833E+06 4.167E+06 52.5 ± 14.0
6 78 83 15 5.200E+06 5.533E+06 35.3 ± 5.8
7 54 54 24 2.250E+06 2.250E+06 37.5 ± 7.4
8 212 141 27 7.852E+06 5.222E+06 56.3 ± 6.7
9 54 47 10 5.400E+06 4.700E+06 43.1 ± 8.8
10 76 58 16 4.750E+06 3.625E+06 49.1 ± 8.9
11 87 67 16 5.438E+06 4.188E+06 48.7 ± 8.2
12 19 10 6 3.167E+06 1.667E+06 71.1 ± 28.0
13 33 25 6 5.500E+06 4.167E+06 49.5 ± 13.3
14 13 10 6 2.167E+06 1.667E+06 48.7 ± 20.6
15 130 110 21 6.190E+06 5.238E+06 44.3 ± 6.1
16 191 152 50 3.820E+06 3.040E+06 47.1 ± 5.6
17 115 70 35 3.286E+06 2.000E+06 61.5 ± 9.8
18 83 72 16 5.188E+06 4.500E+06 43.2 ± 7.3
19 70 65 20 3.500E+06 3.250E+06 40.4 ± 7.2
20 46 35 10 4.600E+06 3.500E+06 49.3 ± 11.3
Sum 1845 1484 438 8.921E+07 7.090E+07
Area(=(1.00EN06(cm2
χ2(=(16.87
P(χ2)(=(59.85%
ρD(=(629284(cmN2
ND(=(4051
Pooled(Age(=(46.6+±+2.8+Ma
Mean(Age(=(48.4(±(1.9(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
104
Sample:(KLB_48
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°21.893'++++W+139°54.556' Elevation:(1850+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 101 133 6 1.683E+07 2.217E+07 28.5 ± 4.0
2 118 180 10 1.180E+07 1.800E+07 24.6 ± 3.1
3 154 180 8 1.925E+07 2.250E+07 32.1 ± 3.8
4 141 184 12 1.175E+07 1.533E+07 28.8 ± 3.5
5 117 131 8 1.463E+07 1.638E+07 33.5 ± 4.6
6 112 190 8 1.400E+07 2.375E+07 22.1 ± 2.8
7 114 132 6 1.900E+07 2.200E+07 32.4 ± 4.4
8 93 119 7 1.329E+07 1.700E+07 29.3 ± 4.3
9 156 177 15 1.040E+07 1.180E+07 33.1 ± 4.0
10 100 136 6 1.667E+07 2.267E+07 27.6 ± 3.9
11 105 123 12 8.750E+06 1.025E+07 32.0 ± 4.5
12 174 218 14 1.243E+07 1.557E+07 29.9 ± 3.4
13 344 383 18 1.911E+07 2.128E+07 33.7 ± 3.0
14 196 252 15 1.307E+07 1.680E+07 29.2 ± 3.1
15 66 107 4 1.650E+07 2.675E+07 23.2 ± 3.8
16 119 162 6 1.983E+07 2.700E+07 27.6 ± 3.6
17 112 142 7 1.600E+07 2.029E+07 29.6 ± 4.0
18 144 187 9 1.600E+07 2.078E+07 28.9 ± 3.5
19 144 196 9 1.600E+07 2.178E+07 27.6 ± 3.3
20 165 178 10 1.650E+07 1.780E+07 34.8 ± 4.1
21 172 188 10 1.720E+07 1.880E+07 34.3 ± 4.0
Sum 2947 3698 200 3.190E+08 4.087E+08
Area(=(1.00EN06(cm2
χ2(=(22.70
P(χ2)(=(+30.40%
ρD(=(628866(cmN2
ND(=(4051
Pooled(Age(=(29.9+±+1.6+Ma
Mean(Age(=(29.6(±(0.8(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
105
Sample:(KLB_51
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°26.418'***W*139°55.182' Elevation:(2103*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 52 37 9 5.778E+06 4.111E+06 52.6 ± 11.6
2 118 82 9 1.311E+07 9.111E+06 53.9 ± 8.2
3 40 32 8 5.000E+06 4.000E+06 46.8 ± 11.3
4 63 49 12 5.250E+06 4.083E+06 48.1 ± 9.5
5 23 21 4 5.750E+06 5.250E+06 41.0 ± 12.5
6 26 18 6 4.333E+06 3.000E+06 54.1 ± 16.8
7 17 20 6 2.833E+06 3.333E+06 31.9 ± 10.6
8 50 36 6 8.333E+06 6.000E+06 52.0 ± 11.6
9 53 43 6 8.833E+06 7.167E+06 46.2 ± 9.7
10 52 49 6 8.667E+06 8.167E+06 39.8 ± 8.1
11 42 40 6 7.000E+06 6.667E+06 39.3 ± 8.9
12 32 39 6 5.333E+06 6.500E+06 30.8 ± 7.5
13 37 32 8 4.625E+06 4.000E+06 43.3 ± 10.7
14 46 49 6 7.667E+06 8.167E+06 35.2 ± 7.4
15 57 39 6 9.500E+06 6.500E+06 54.7 ± 11.7
16 27 28 6 4.500E+06 4.667E+06 36.1 ± 9.9
17 22 18 6 3.667E+06 3.000E+06 45.8 ± 14.7
18 71 70 14 5.071E+06 5.000E+06 38.0 ± 6.7
19 59 37 6 9.833E+06 6.167E+06 59.6 ± 12.8
20 45 33 6 7.500E+06 5.500E+06 51.0 ± 12.0
21 44 31 6 7.333E+06 5.167E+06 53.1 ± 12.7
22 42 48 6 7.000E+06 8.000E+06 32.8 ± 7.1
23 41 28 6 6.833E+06 4.667E+06 54.8 ± 13.7
24 50 33 6 8.333E+06 5.500E+06 56.7 ± 13.0
25 44 41 6 7.333E+06 6.833E+06 40.2 ± 8.9
26 44 24 6 7.333E+06 4.000E+06 68.5 ± 17.7
27 33 33 6 5.500E+06 5.500E+06 37.5 ± 9.4
28 39 50 6 6.500E+06 8.333E+06 29.2 ± 6.4
29 21 25 6 3.500E+06 4.167E+06 31.5 ± 9.4
30 44 32 6 7.333E+06 5.333E+06 51.5 ± 12.2
31 28 24 6 4.667E+06 4.000E+06 43.7 ± 12.3
Sum 1362 1141 208 2.043E+08 1.719E+08
Area(=(1.00EN06(cm2
χ2(=(27.92
P(χ2)(=(*57.48%
ρD(=(628448(cmN2
ND(=(4051
Pooled(Age(=(44.7*±*2.8*Ma
Mean(Age(=(45.2(±(1.8(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
106
Sample:(KLB_53
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°29.184'+++W+140°00.709' Elevation:(2083+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 34 24 20 1.700E+06 1.200E+06 53.0 ± 14.4
2 40 32 9 4.444E+06 3.556E+06 46.8 ± 11.3
3 23 33 11 2.091E+06 3.000E+06 26.1 ± 7.2
4 45 22 9 5.000E+06 2.444E+06 76.4 ± 20.2
5 13 15 4 3.250E+06 3.750E+06 32.5 ± 12.4
6 42 27 10 4.200E+06 2.700E+06 58.2 ± 14.6
7 29 26 4 7.250E+06 6.500E+06 41.8 ± 11.5
8 37 28 12 3.083E+06 2.333E+06 49.4 ± 12.6
9 38 24 6 6.333E+06 4.000E+06 59.2 ± 15.7
10 76 39 9 8.444E+06 4.333E+06 72.8 ± 14.8
11 21 21 8 2.625E+06 2.625E+06 37.4 ± 11.7
12 40 23 10 4.000E+06 2.300E+06 65.0 ± 17.3
13 24 22 12 2.000E+06 1.833E+06 40.8 ± 12.2
14 33 17 6 5.500E+06 2.833E+06 72.5 ± 21.9
15 37 18 6 6.167E+06 3.000E+06 76.7 ± 22.4
16 29 17 6 4.833E+06 2.833E+06 63.8 ± 19.7
17 25 26 8 3.125E+06 3.250E+06 36.0 ± 10.2
18 58 43 8 7.250E+06 5.375E+06 50.5 ± 10.4
19 24 13 8 3.000E+06 1.625E+06 69.0 ± 24.0
20 30 25 10 3.000E+06 2.500E+06 44.9 ± 12.3
21 36 21 6 6.000E+06 3.500E+06 64.1 ± 17.9
22 30 23 9 3.333E+06 2.556E+06 48.8 ± 13.7
23 23 16 6 3.833E+06 2.667E+06 53.8 ± 17.7
24 27 30 8 3.375E+06 3.750E+06 33.7 ± 9.1
25 39 28 8 4.875E+06 3.500E+06 52.1 ± 13.1
26 34 22 6 5.667E+06 3.667E+06 57.8 ± 16.0
27 46 40 8 5.750E+06 5.000E+06 43.0 ± 9.5
28 36 32 12 3.000E+06 2.667E+06 42.1 ± 10.4
29 45 32 6 7.500E+06 5.333E+06 52.6 ± 12.4
Sum 1014 739 245 1.306E+08 9.463E+07
Area(=(1.00EN06(cm2
χ2(=(28.71
P(χ2)(=(+42.72%
ρD(=(628029(cmN2
ND(=(4051
Pooled(Age(=(51.3+±+3.5+Ma
Mean(Age(=(52.4(±(2.5(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
107
Sample:(KLB_54
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°30.398'+++W+140°01.380' Elevation:(2082+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 29 9 15 1.933E+06 6.000E+05 119.8 ± 46.1
2 24 9 8 3.000E+06 1.125E+06 99.3 ± 39.1
3 41 15 6 6.833E+06 2.500E+06 101.8 ± 31.1
4 15 10 8 1.875E+06 1.250E+06 56.1 ± 23.0
5 22 15 6 3.667E+06 2.500E+06 54.8 ± 18.5
6 26 9 4 6.500E+06 2.250E+06 107.5 ± 41.9
7 55 44 8 6.875E+06 5.500E+06 46.7 ± 9.7
8 21 7 4 5.250E+06 1.750E+06 111.6 ± 49.0
9 13 7 4 3.250E+06 1.750E+06 69.3 ± 32.7
10 15 12 6 2.500E+06 2.000E+06 46.7 ± 18.2
11 19 13 8 2.375E+06 1.625E+06 54.6 ± 19.8
12 27 12 4 6.750E+06 3.000E+06 83.9 ± 29.4
13 59 25 3 1.967E+07 8.333E+06 88.0 ± 21.4
14 7 7 5 1.400E+06 1.400E+06 37.4 ± 20.1
15 20 16 6 3.333E+06 2.667E+06 46.7 ± 15.8
16 19 11 9 2.111E+06 1.222E+06 64.5 ± 24.6
17 12 8 10 1.200E+06 8.000E+05 56.1 ± 25.7
18 20 11 8 2.500E+06 1.375E+06 67.9 ± 25.7
19 12 12 6 2.000E+06 2.000E+06 37.4 ± 15.4
20 23 21 6 3.833E+06 3.500E+06 41.0 ± 12.5
21 31 22 18 1.722E+06 1.222E+06 52.7 ± 14.9
22 10 5 4 2.500E+06 1.250E+06 74.6 ± 41.0
23 7 3 4 1.750E+06 7.500E+05 87.0 ± 60.2
24 48 24 18 2.667E+06 1.333E+06 74.6 ± 19.0
25 31 18 12 2.583E+06 1.500E+06 64.3 ± 19.3
26 11 8 6 1.833E+06 1.333E+06 51.4 ± 24.0
27 74 50 9 8.222E+06 5.556E+06 55.3 ± 10.5
28 12 13 4 3.000E+06 3.250E+06 34.6 ± 13.9
29 11 12 6 1.833E+06 2.000E+06 34.3 ± 14.4
30 14 11 6 2.333E+06 1.833E+06 47.6 ± 19.3
31 22 12 6 3.667E+06 2.000E+06 68.4 ± 24.8
32 27 11 6 4.500E+06 1.833E+06 91.5 ± 33.0
33 24 10 4 6.000E+06 2.500E+06 89.5 ± 33.9
34 20 14 9 2.222E+06 1.556E+06 53.4 ± 18.8
35 12 13 7 1.714E+06 1.857E+06 34.6 ± 13.9
36 25 14 10 2.500E+06 1.400E+06 66.7 ± 22.5
37 18 6 6 3.000E+06 1.000E+06 111.6 ± 52.9
38 11 10 12 9.167E+05 8.333E+05 41.2 ± 18.1
39 13 12 6 2.167E+06 2.000E+06 40.5 ± 16.3
40 19 6 6 3.167E+06 1.000E+06 117.8 ± 55.4
41 9 8 6 1.500E+06 1.333E+06 42.1 ± 20.5
42 24 16 8 3.000E+06 2.000E+06 56.1 ± 18.3
43 15 7 4 3.750E+06 1.750E+06 79.9 ± 36.8
44 30 16 12 2.500E+06 1.333E+06 70.0 ± 21.9
45 14 13 4 3.500E+06 3.250E+06 40.3 ± 15.6
46 11 6 6 1.833E+06 1.000E+06 68.4 ± 34.9
47 39 26 16 2.438E+06 1.625E+06 56.1 ± 14.4
48 54 18 16 3.375E+06 1.125E+06 111.6 ± 30.8
49 16 22 9 1.778E+06 2.444E+06 27.2 ± 9.0
50 21 12 9 2.333E+06 1.333E+06 65.3 ± 23.9
51 9 3 4 2.250E+06 7.500E+05 111.6 ± 74.6
Sum 1161 694 387 1.734E+08 1.011E+08
Area(=(1.00EN06(cm2
χ2(=(54.62
P(χ2)(=(+30.34%
ρD(=(627611(cmN2
ND(=(4051
Pooled(Age(=(62.5+±+4.2+Ma
Mean(Age(=(66.9(±(3.6(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
108
Sample:(KLB_55
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°32.983'***W*140°05.940' Elevation:(2309*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 38 25 16 2.375E+06 1.563E+06 56.8 ± 14.9
2 22 15 6 3.667E+06 2.500E+06 54.8 ± 18.5
3 25 10 6 4.167E+06 1.667E+06 93.1 ± 35.1
4 28 10 6 4.667E+06 1.667E+06 104.2 ± 38.7
5 21 9 6 3.500E+06 1.500E+06 86.9 ± 34.9
6 23 25 9 2.556E+06 2.778E+06 34.4 ± 10.1
7 24 21 8 3.000E+06 2.625E+06 42.7 ± 12.9
8 26 21 6 4.333E+06 3.500E+06 46.3 ± 13.8
9 36 25 10 3.600E+06 2.500E+06 53.8 ± 14.2
10 11 22 6 1.833E+06 3.667E+06 18.7 ± 7.0
11 36 13 6 6.000E+06 2.167E+06 103.0 ± 33.7
12 26 12 4 6.500E+06 3.000E+06 80.8 ± 28.4
13 18 12 6 3.000E+06 2.000E+06 56.0 ± 21.0
14 13 12 6 2.167E+06 2.000E+06 40.5 ± 16.3
15 30 15 6 5.000E+06 2.500E+06 74.6 ± 23.9
16 44 22 8 5.500E+06 2.750E+06 74.6 ± 19.8
17 20 10 4 5.000E+06 2.500E+06 74.6 ± 29.1
18 40 30 6 6.667E+06 5.000E+06 49.8 ± 12.3
19 56 47 12 4.667E+06 3.917E+06 44.5 ± 9.1
20 16 6 4 4.000E+06 1.500E+06 99.2 ± 47.7
21 31 29 10 3.100E+06 2.900E+06 40.0 ± 10.5
22 8 4 4 2.000E+06 1.000E+06 74.6 ± 45.8
23 33 20 6 5.500E+06 3.333E+06 61.6 ± 17.7
24 20 18 4 5.000E+06 4.500E+06 41.5 ± 13.6
25 26 25 6 4.333E+06 4.167E+06 38.9 ± 11.1
26 48 32 6 8.000E+06 5.333E+06 56.0 ± 13.1
27 42 18 12 3.500E+06 1.500E+06 86.9 ± 24.8
28 20 12 8 2.500E+06 1.500E+06 62.2 ± 22.9
29 23 10 6 3.833E+06 1.667E+06 85.7 ± 32.7
30 19 9 6 3.167E+06 1.500E+06 78.7 ± 32.1
31 32 11 6 5.333E+06 1.833E+06 108.2 ± 38.2
32 24 17 5 4.800E+06 3.400E+06 52.7 ± 16.9
33 15 13 6 2.500E+06 2.167E+06 43.1 ± 16.5
34 32 17 8 4.000E+06 2.125E+06 70.2 ± 21.3
35 27 14 6 4.500E+06 2.333E+06 71.9 ± 23.9
36 31 26 8 3.875E+06 3.250E+06 44.6 ± 12.0
37 12 13 4 3.000E+06 3.250E+06 34.5 ± 13.9
38 27 17 6 4.500E+06 2.833E+06 59.3 ± 18.6
39 15 9 4 3.750E+06 2.250E+06 62.2 ± 26.4
40 10 9 8 1.250E+06 1.125E+06 41.5 ± 19.2
41 17 13 6 2.833E+06 2.167E+06 48.9 ± 18.2
42 26 21 8 3.250E+06 2.625E+06 46.3 ± 13.8
Sum 1091 719 284 1.667E+08 1.081E+08
Area(=(1.00EN06(cm2
χ2(=(49.36
P(χ2)(=(*17.37%
ρD(=(627193(cmN2
ND(=(4051
Pooled(Age(=(56.7*±*3.8*Ma
Mean(Age(=(61.9(±(3.4(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
109
Sample:(KLB_57
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°33.302'+++W+139°53.854' Elevation:(2038+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 239 69 36 6.639E+06 1.917E+06 128.5 ± 18.6
2 428 140 40 1.070E+07 3.500E+06 113.6 ± 12.3
3 214 55 16 1.338E+07 3.438E+06 144.2 ± 22.9
4 292 77 36 8.111E+06 2.139E+06 140.6 ± 19.2
5 265 79 27 9.815E+06 2.926E+06 124.5 ± 17.0
6 286 95 40 7.150E+06 2.375E+06 111.9 ± 14.3
7 280 60 32 8.750E+06 1.875E+06 172.6 ± 25.9
8 364 102 28 1.300E+07 3.643E+06 132.4 ± 16.1
9 313 80 28 1.118E+07 2.857E+06 145.0 ± 19.4
10 156 29 16 9.750E+06 1.813E+06 198.5 ± 41.3
11 272 87 40 6.800E+06 2.175E+06 116.1 ± 15.3
12 175 47 25 7.000E+06 1.880E+06 138.1 ± 23.6
13 329 103 30 1.097E+07 3.433E+06 118.6 ± 14.5
14 176 54 24 7.333E+06 2.250E+06 121.0 ± 19.7
15 149 35 27 5.519E+06 1.296E+06 157.6 ± 30.6
16 159 50 20 7.950E+06 2.500E+06 118.1 ± 20.0
17 190 49 17 1.118E+07 2.882E+06 143.7 ± 24.0
18 190 54 30 6.333E+06 1.800E+06 130.5 ± 21.1
19 323 103 40 8.075E+06 2.575E+06 116.5 ± 14.3
20 145 49 16 9.063E+06 3.063E+06 110.0 ± 18.9
21 280 69 27 1.037E+07 2.556E+06 150.3 ± 21.4
22 331 112 40 8.275E+06 2.800E+06 109.8 ± 13.1
23 103 28 20 5.150E+06 1.400E+06 136.4 ± 29.8
Sum 5659 1626 655 2.025E+08 5.709E+07
Area(=(1.00EN06(cm2
χ2(=(23.31
P(χ2)(=(+38.43%
ρD(=(626775(cmN2
ND(=(4051
Pooled(Age(=(129.1+±+7.2+Ma
Mean(Age(=(133.9(±(4.5(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
110
Sample:(KLB_58
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°35.235'+++W+139°54.138' Elevation:(2195+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 156 37 20 7.800E+06 1.850E+06 156.0 ± 29.5
2 232 58 30 7.733E+06 1.933E+06 148.1 ± 22.9
3 172 51 18 9.556E+06 2.833E+06 125.1 ± 20.8
4 83 25 8 1.038E+07 3.125E+06 123.2 ± 28.7
5 107 29 12 8.917E+06 2.417E+06 136.7 ± 29.4
6 115 23 8 1.438E+07 2.875E+06 184.6 ± 43.1
7 134 33 12 1.117E+07 2.750E+06 150.3 ± 30.1
8 306 81 32 9.563E+06 2.531E+06 140.0 ± 18.7
9 301 100 35 8.600E+06 2.857E+06 111.8 ± 14.0
10 240 67 40 6.000E+06 1.675E+06 132.8 ± 19.4
11 135 43 12 1.125E+07 3.583E+06 116.5 ± 21.2
12 346 91 32 1.081E+07 2.844E+06 140.9 ± 17.9
13 48 12 9 5.333E+06 1.333E+06 148.1 ± 48.3
14 247 79 30 8.233E+06 2.633E+06 116.1 ± 16.0
15 158 33 21 7.524E+06 1.571E+06 176.9 ± 34.9
16 116 29 10 1.160E+07 2.900E+06 148.1 ± 31.6
17 77 25 12 6.417E+06 2.083E+06 114.3 ± 26.9
18 158 31 24 6.583E+06 1.292E+06 188.1 ± 38.0
19 146 54 18 8.111E+06 3.000E+06 100.5 ± 16.7
20 61 20 6 1.017E+07 3.333E+06 113.2 ± 29.7
21 208 46 20 1.040E+07 2.300E+06 167.2 ± 28.4
22 173 60 21 8.238E+06 2.857E+06 107.1 ± 16.8
23 71 17 8 8.875E+06 2.125E+06 154.6 ± 42.4
24 56 14 9 6.222E+06 1.556E+06 148.1 ± 44.8
25 93 17 10 9.300E+06 1.700E+06 201.7 ± 54.1
Sum 3939 1075 457 2.232E+08 5.996E+07
Area(=(1.00EN06(cm2
χ2(=(25.66
P(χ2)(=(+37.01%
ρD(=(626357(cmN2
ND(=(4051
Pooled(Age(=(135.8+±+8.0+Ma
Mean(Age(=(142.0(±(5.4(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
111
Sample:(KLB_59
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°36.459'+++W+139°54.565' Elevation:(2349+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 71 15 6 1.183E+07 2.500E+06 174.8 ± 50.4
2 107 16 6 1.783E+07 2.667E+06 245.6 ± 66.9
3 89 18 6 1.483E+07 3.000E+06 182.5 ± 48.0
4 73 23 6 1.217E+07 3.833E+06 117.7 ± 28.7
5 144 25 9 1.600E+07 2.778E+06 212.1 ± 47.1
6 113 21 6 1.883E+07 3.500E+06 198.3 ± 48.1
7 86 14 6 1.433E+07 2.333E+06 225.9 ± 66.0
8 109 36 12 9.083E+06 3.000E+06 112.3 ± 22.3
9 214 39 15 1.427E+07 2.600E+06 202.2 ± 36.5
10 90 25 6 1.500E+07 4.167E+06 133.4 ± 30.8
11 48 14 4 1.200E+07 3.500E+06 127.1 ± 39.1
12 147 28 12 1.225E+07 2.333E+06 193.6 ± 41.0
13 73 18 4 1.825E+07 4.500E+06 150.0 ± 40.1
14 130 35 10 1.300E+07 3.500E+06 137.6 ± 27.0
15 112 33 12 9.333E+06 2.750E+06 125.8 ± 25.6
16 114 26 8 1.425E+07 3.250E+06 162.1 ± 36.1
17 53 12 4 1.325E+07 3.000E+06 163.2 ± 52.8
18 289 56 20 1.445E+07 2.800E+06 190.3 ± 29.2
19 106 23 6 1.767E+07 3.833E+06 170.2 ± 40.0
20 66 14 6 1.100E+07 2.333E+06 174.1 ± 51.9
21 69 13 4 1.725E+07 3.250E+06 195.7 ± 59.9
22 34 11 4 8.500E+06 2.750E+06 114.7 ± 40.2
23 43 6 4 1.075E+07 1.500E+06 262.8 ± 115.2
24 38 12 4 9.500E+06 3.000E+06 117.5 ± 39.3
25 95 16 8 1.188E+07 2.000E+06 218.5 ± 60.0
26 172 27 9 1.911E+07 3.000E+06 234.1 ± 49.7
27 44 13 4 1.100E+07 3.250E+06 125.5 ± 40.1
Sum 2729 589 201 3.676E+08 8.093E+07
Area(=(1.00EN06(cm2
χ2(=(28.30
P(χ2)(=(+34.36%
ρD(=(625939(cmN2
ND(=(4051
Pooled(Age(=(171.1+±+11.3+Ma
Mean(Age(=(172.9(±(8.4(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_60
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°37.899'+++W+139°51.947' Elevation:(2356+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 57 18 4 1.425E+07 4.500E+06 117.4 ± 32.2
2 41 14 4 1.025E+07 3.500E+06 108.6 ± 34.0
3 51 11 6 8.500E+06 1.833E+06 171.1 ± 57.5
4 50 17 5 1.000E+07 3.400E+06 109.1 ± 31.1
5 70 15 4 1.750E+07 3.750E+06 172.2 ± 49.7
6 44 16 4 1.100E+07 4.000E+06 102.1 ± 30.2
7 69 28 6 1.150E+07 4.667E+06 91.5 ± 21.0
8 59 24 4 1.475E+07 6.000E+06 91.3 ± 22.5
9 44 17 4 1.100E+07 4.250E+06 96.1 ± 27.8
10 88 23 4 2.200E+07 5.750E+06 141.6 ± 33.8
11 36 13 4 9.000E+06 3.250E+06 102.8 ± 33.6
12 40 15 4 1.000E+07 3.750E+06 99.0 ± 30.3
13 52 20 4 1.300E+07 5.000E+06 96.5 ± 25.8
Sum 701 231 57 1.628E+08 5.365E+07
Area(=(1.00EN06(cm2
χ2(=(7.67
P(χ2)(=(+81.06%
ρD(=(625521(cmN2
ND(=(4051
Pooled(Age(=(112.5+±+10.1+Ma
Mean(Age(=(115.3(±(7.8(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_61
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°39.398'***W*139°55.500' Elevation:(2242*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 94 34 12 7.833E+06 2.833E+06 102.5 ± 21.1
2 64 21 10 6.400E+06 2.100E+06 112.9 ± 28.9
3 120 37 18 6.667E+06 2.056E+06 120.1 ± 23.3
4 110 37 12 9.167E+06 3.083E+06 110.2 ± 21.6
5 119 31 16 7.438E+06 1.938E+06 141.9 ± 29.4
6 152 42 18 8.444E+06 2.333E+06 133.9 ± 24.2
7 221 81 27 8.185E+06 3.000E+06 101.2 ± 14.0
8 92 33 10 9.200E+06 3.300E+06 103.4 ± 21.6
9 185 81 16 1.156E+07 5.063E+06 84.8 ± 12.0
10 62 26 10 6.200E+06 2.600E+06 88.5 ± 21.1
11 127 58 18 7.056E+06 3.222E+06 81.3 ± 13.5
12 80 34 12 6.667E+06 2.833E+06 87.4 ± 18.4
13 156 47 19 8.211E+06 2.474E+06 122.9 ± 21.3
14 102 35 14 7.286E+06 2.500E+06 108.0 ± 21.8
Sum 1684 597 212 1.103E+08 3.933E+07
Area(=(1.00EN06(cm2
χ2(=(12.59
P(χ2)(=(*48.01%
ρD(=(625102(cmN2
ND(=(4051
Pooled(Age(=(104.6*±*7.1*Ma
Mean(Age(=(107.1(±(4.9(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_62
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°40.237'+++W+139°55.870' Elevation:(2371+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 67 27 6 1.117E+07 4.500E+06 92.0 ± 21.4
2 120 39 16 7.500E+06 2.438E+06 113.9 ± 21.7
3 77 29 10 7.700E+06 2.900E+06 98.4 ± 22.0
4 102 35 12 8.500E+06 2.917E+06 108.0 ± 21.8
5 108 28 10 1.080E+07 2.800E+06 142.5 ± 31.0
6 187 75 21 8.905E+06 3.571E+06 92.5 ± 13.4
7 67 32 8 8.375E+06 4.000E+06 77.7 ± 17.1
8 77 19 10 7.700E+06 1.900E+06 149.6 ± 39.0
9 74 20 8 9.250E+06 2.500E+06 136.8 ± 35.1
10 109 35 12 9.083E+06 2.917E+06 115.3 ± 23.1
11 105 37 16 6.563E+06 2.313E+06 105.1 ± 20.7
12 160 67 18 8.889E+06 3.722E+06 88.6 ± 13.6
13 39 16 5 7.800E+06 3.200E+06 90.4 ± 27.2
14 113 36 8 1.413E+07 4.500E+06 116.2 ± 22.9
Sum 1405 495 160 1.264E+08 4.418E+07
Area(=(1.00EN06(cm2
χ2(=(10.93
P(χ2)(=(+61.68%
ρD(=(624684(cmN2
ND(=(4051
Pooled(Age(=(105.2+±+7.4+Ma
Mean(Age(=(109.1(±(5.8(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_69
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°47.904'+++W+139°06.183' Elevation:(2394+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 93 29 6 1.550E+07 4.833E+06 118.4 ± 25.8
2 161 51 6 2.683E+07 8.500E+06 116.6 ± 19.5
3 103 36 4 2.575E+07 9.000E+06 105.7 ± 21.1
4 60 21 4 1.500E+07 5.250E+06 105.6 ± 27.2
Sum 417 137 20 8.308E+07 2.758E+07
Area(=(1.00EN06(cm2
χ2(=(0.28
P(χ2)(=(+96.44%
ρD(=(623012(cmN2
ND(=(4051
Pooled(Age(=(112.4+±+12.3+Ma
Mean(Age(=(111.6(±(3.4(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_73
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°56.332'++++W+140°07.800' Elevation:(2684+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 3 68 30 1.000E+05 2.267E+06 1.6 ± 1.0
2 4 50 30 1.333E+05 1.667E+06 3.0 ± 1.6
3 2 34 9 2.222E+05 3.778E+06 2.2 ± 1.6
4 1 39 20 5.000E+04 1.950E+06 1.0 ± 1.0
5 2 63 21 9.524E+04 3.000E+06 1.2 ± 0.9
6 4 27 18 2.222E+05 1.500E+06 5.5 ± 3.0
7 14 221 45 3.111E+05 4.911E+06 2.4 ± 0.7
8 4 30 16 2.500E+05 1.875E+06 5.0 ± 2.7
9 3 39 21 1.429E+05 1.857E+06 2.9 ± 1.7
10 8 59 42 1.905E+05 1.405E+06 5.0 ± 1.9
11 20 309 15 1.333E+06 2.060E+07 2.4 ± 0.6
12 9 83 30 3.000E+05 2.767E+06 4.0 ± 1.4
13 8 94 18 4.444E+05 5.222E+06 3.2 ± 1.2
14 5 35 15 3.333E+05 2.333E+06 5.3 ± 2.6
15 9 187 28 3.214E+05 6.679E+06 1.8 ± 0.6
16 9 129 18 5.000E+05 7.167E+06 2.6 ± 0.9
17 9 82 30 3.000E+05 2.733E+06 4.1 ± 1.4
18 4 74 48 8.333E+04 1.542E+06 2.0 ± 1.0
19 4 93 20 2.000E+05 4.650E+06 1.6 ± 0.8
20 1 26 28 3.571E+04 9.286E+05 1.4 ± 1.5
21 3 31 18 1.667E+05 1.722E+06 3.6 ± 2.2
22 20 134 20 1.000E+06 6.700E+06 5.6 ± 1.4
23 6 66 48 1.250E+05 1.375E+06 3.4 ± 1.5
Sum 152 1973 588 6.861E+06 8.863E+07
Area(=(1.00EN06(cm2
χ2(=(26.30
P(χ2)(=(+23.90%
ρD(=(622175(cmN2
ND(=(4051
Pooled(Age(=(2.9+±+0.3+Ma
Mean(Age(=(3.1(±(0.3(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_88
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°59.687'***W*138°27.706' Elevation:(791*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 79 26 18 4.389E+06 1.444E+06 111.8 ± 25.8
2 55 22 12 4.583E+06 1.833E+06 92.2 ± 23.7
3 49 20 10 4.900E+06 2.000E+06 90.3 ± 24.4
4 45 15 9 5.000E+06 1.667E+06 110.4 ± 33.3
5 69 24 12 5.750E+06 2.000E+06 105.9 ± 25.6
6 36 16 12 3.000E+06 1.333E+06 83.0 ± 25.3
7 59 20 16 3.688E+06 1.250E+06 108.6 ± 28.6
8 55 19 12 4.583E+06 1.583E+06 106.6 ± 28.8
9 32 11 4 8.000E+06 2.750E+06 107.1 ± 37.8
10 35 15 10 3.500E+06 1.500E+06 86.1 ± 26.9
11 68 43 14 4.857E+06 3.071E+06 58.5 ± 11.7
12 21 8 6 3.500E+06 1.333E+06 96.7 ± 40.5
13 58 24 12 4.833E+06 2.000E+06 89.1 ± 22.0
14 32 12 10 3.200E+06 1.200E+06 98.3 ± 33.6
15 38 19 9 4.222E+06 2.111E+06 73.8 ± 21.0
16 47 24 9 5.222E+06 2.667E+06 72.3 ± 18.5
Sum 778 318 175 7.323E+07 2.974E+07
Area(=(1.00EN06(cm2
χ2(=(9.63
P(χ2)(=(*84.21%
ρD(=(620921(cmN2
ND(=(4051
Pooled(Age(=(90.2*±*7.4*Ma
Mean(Age(=(93.2(±(3.9(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_91
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*60°24.516'****W*137°02.964' Elevation:(725*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 103 24 6 1.717E+07 4.000E+06 157.3 ± 36.4
2 50 17 4 1.250E+07 4.250E+06 108.2 ± 30.8
3 78 30 8 9.750E+06 3.750E+06 95.8 ± 21.1
4 123 26 9 1.367E+07 2.889E+06 173.2 ± 38.3
5 107 28 10 1.070E+07 2.800E+06 140.3 ± 30.5
6 78 26 8 9.750E+06 3.250E+06 110.4 ± 25.5
7 76 29 12 6.333E+06 2.417E+06 96.5 ± 21.6
8 79 38 15 5.267E+06 2.533E+06 76.7 ± 15.6
9 100 47 9 1.111E+07 5.222E+06 78.5 ± 14.4
10 126 43 18 7.000E+06 2.389E+06 107.8 ± 19.7
Sum 920 308 99 1.032E+08 3.350E+07
Area(=(1.00EN06(cm2
χ2(=(16.47
P(χ2)(=(*5.77%
ρD(=(620503(cmN2
ND(=(4051
Pooled(Age(=(109.9*±*8.9*Ma
Mean(Age(=(114.5(±(10.2(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_98
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+60°02.805'+++W+136°53.029' Elevation:(962+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 44 16 6 7.333E+06 2.667E+06 101.2 ± 29.9
2 70 37 6 1.167E+07 6.167E+06 69.8 ± 14.6
3 93 71 14 6.643E+06 5.071E+06 48.4 ± 8.0
4 77 46 9 8.556E+06 5.111E+06 61.8 ± 11.9
5 82 48 12 6.833E+06 4.000E+06 63.0 ± 11.8
6 141 113 24 5.875E+06 4.708E+06 46.1 ± 6.2
7 105 67 16 6.563E+06 4.188E+06 57.9 ± 9.5
8 69 30 8 8.625E+06 3.750E+06 84.7 ± 19.0
9 135 64 15 9.000E+06 4.267E+06 77.7 ± 12.4
10 85 42 9 9.444E+06 4.667E+06 74.6 ± 14.5
11 78 43 12 6.500E+06 3.583E+06 66.9 ± 13.1
12 119 87 18 6.611E+06 4.833E+06 50.5 ± 7.5
13 42 25 8 5.250E+06 3.125E+06 62.0 ± 15.9
14 67 44 10 6.700E+06 4.400E+06 56.2 ± 11.2
15 109 52 12 9.083E+06 4.333E+06 77.3 ± 13.5
16 90 52 16 5.625E+06 3.250E+06 63.9 ± 11.5
17 120 71 18 6.667E+06 3.944E+06 62.4 ± 9.8
18 71 44 12 5.917E+06 3.667E+06 59.6 ± 11.8
19 59 39 10 5.900E+06 3.900E+06 55.9 ± 11.8
Sum 1656 991 235 1.388E+08 7.963E+07
Area(=(1.00EN06(cm2
χ2(=(21.44
P(χ2)(=(+25.79%
ρD(=(620085(cmN2
ND(=(4051
Pooled(Age(=(61.7+±+3.9+Ma
Mean(Age(=(65.3(±(3.1(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_100
Irradiation:(TU11z*
Mineral:(Zircon
Location:(N*61°05.048'****W*138°33.220' Elevation:(900*m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 27 28 6 4.500E+06 4.667E+06 35.6 ± 9.8
2 47 46 8 5.875E+06 5.750E+06 37.8 ± 8.0
3 36 59 5 7.200E+06 1.180E+07 22.6 ± 4.9
4 66 97 8 8.250E+06 1.213E+07 25.2 ± 4.2
5 32 47 4 8.000E+06 1.175E+07 25.2 ± 5.9
6 17 26 6 2.833E+06 4.333E+06 24.2 ± 7.6
7 19 32 4 4.750E+06 8.000E+06 22.0 ± 6.4
8 125 166 20 6.250E+06 8.300E+06 27.8 ± 3.6
9 36 59 8 4.500E+06 7.375E+06 22.6 ± 4.9
10 47 58 6 7.833E+06 9.667E+06 30.0 ± 6.1
11 103 133 14 7.357E+06 9.500E+06 28.6 ± 4.0
12 41 57 6 6.833E+06 9.500E+06 26.6 ± 5.6
Sum 596 808 95 7.418E+07 1.028E+08
Area(=(1.00EN06(cm2
χ2(=(6.60
P(χ2)(=(*83.04%
ρD(=(619666(cmN2
ND(=(4051
Pooled(Age(=(27.3*±*2.0*Ma
Mean(Age(=(27.3(±(1.5(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
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Sample:(KLB_107
Irradiation:(TU11z+
Mineral:(Zircon
Location:(N+61°33.921'++++W+139°21.647' Elevation:(747+m
Grain/Area(# Ns Ni Narea ρs ρi Age((Ma) Abs.(Err.((Ma)
1 46 64 4 1.150E+07 1.600E+07 26.6 ± 5.3
2 60 64 6 1.000E+07 1.067E+07 34.6 ± 6.4
3 46 53 4 1.150E+07 1.325E+07 32.1 ± 6.6
Sum 152 181 14 3.300E+07 3.992E+07
Area(=(1.00EN06(cm2
χ2(=(1.05
P(χ2)(=(+59.10%
ρD(=(619248(cmN2
ND(=(4051
Pooled(Age(=(31.0+±+3.7+Ma
Mean(Age(=(31.1(±(2.4(Ma
Analysis(performed(by(Sarah(Falkowski
ζ(factor(=(119.6(±(5.4(cm2
122
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!Figure'A5.'AFT'Confined'Track'Data'
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